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Sixteen tests were performed to evaluate the adequacy of various HBU-X lap belt
assemblies to provide adequate restraint during impact. The tests were per-
formed using the AFARL Impulse Accelerator. The lap belt assemblies were used
in combination with MB-6 shoulder harnesses to restrain the 95th percentile test
dumies to a simulated aircraft crewseat during the impact tests. One test was
performed at an acceleration level of 32.8 G, and 15 tests were accomplished at
an acceleration level of 40 G. The mean peak acceleration of the 15 tests was
40.2 G (standard deviation - 0.898) with an impact velocity of 105.7 ft/sec
(standard deviation = 0.976).

The primary objective of the tests was to determine the acceptability of two
different types of webbing adjusters that could be used with a buckle developed
by the Frost Engineering Development Corporation. The two types of adjusters
tested were manufactured by East/West Industries Incorporated and H. Koch and
Sons.

A secondary objective of the tests was to study the influence of webbing
material on belt slippage through the lap belt adjusters. Nylon, polyester, and

: latex-impregnated polyester webbing materials were used.

Two types of lap belt buckles were used. Eleven tests were performed with the
HBU-X buckle supplied by Frost Engineering Development Corporation. Five tests
were conducted using the HBU-2B/A buckle since the supply of Frost buckles was
limited.

Ten impact tests were performed with the Koch adjusters. One test was performed
at 32.8 G, and nine tests were accomplished at the 40 G level. Seven of the 40
G tests were failures of the adjusters due to lap belt slippage. One test was
considered to be an inadequate test of the lap belt and adjusters due to
shoulder harness failure, and one test was an inadequate test of the adjusters
due to failure of the automatic release mechanism of the belt buckle.

Six impact tests were performed at the 40 G level using the East/West adjusters.

Five of these tests were successful. One test was an inadequate test of the
adjusters due to failure of the attaching link of the shoulder harness.

The impact tests that were performed demonstrated that the East/West adjusters
could successfully withstand the lap belt loads imposed during the 40 G impact
tests. The East/West adjuster permitted no more than one-half inch slippage of
webbing when used with nylon, polyester, or latex-impregnated polyester webbing.

The failures of the attachment links of the MB-6 shoulder harness reflect a
basic inadequacy in the design of the link. Redesign of the link is

A ..,recommended.

iv



Failures of the automatic disconnect mechanism of the Frost lap belt buckle were
caused by loads of a magnitude and direction that were not anticipated by the
HBU-X lap belt development specification. The development specification pre-
sumed that the lap belt would always be used with a negative-G strap as well as
a shoulder harness. This presumption is not true and leads to unrealistic
design-load assumptions.
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SECTION 1

INTRODUCTION

A. BACKGROUND

An impact test program conducted to evaluate prototypes of the HBU-X automatic
opening lap belt developed by three competing companies indicated that none of
the preproduction prototypes were satisfactory (Brinkley and Schimmel, 1982).
Each prototype failed to meet the acceptance criteria of the 40 G level impact
tests that were accomplished.

Each of the HBU-X prototypes failed for different reasons. One prototype,
developed by the Stencel Aero Engineering Corporation, apparently failed because
a sharp radius on the belt buckle contributed to the failure of the belt webbing
material. A second prototype, developed by the Frost Engineering Development
Corporation, failed because the webbing adjusters permitted the belt to slip
through them during the impact exposure. A third prototype, developed by H.
Koch and Sons, failed due to defects within the materials used in the
construction of the lap belt buckle.

The Air Force Aerospace Medical Research Laboratory (AFANRL) recommended further
impact tests. A successful lap belt assembly was considered to be possible if
the adjuster slippage problem of the Frost prototype could be overcome by using
other webbing adjusters. After consideration of the AFAMRL reconmendation and
the success of the Frost prototype in other aspects of the overall HBU-X lap
belt evaluation test program, the Life Suppport System Program Office, the spon-
sor of the HBU-X lap belt development program, requested that additional impact
tests of the Frost buckle be accomplished using adjusters supplied by East/West
Industries, Incorporated, and H. Koch & Sons. This report documents the
resulting impact test program and its results.

B. OBJECTIVES

The prtmary objective of the test program was to evaluate the adequacy of
HBU-X lap belt prototypes with alternative belt adjusters under 40 G impact
conditions. The secondary objective of the test program was to evaluate the
influence of webbing materials on lap belt structural adequacy and adjuster
performance.

C. EVALUATION CRITERIA

The adequacy of the lap belt prototypes was evaluated on the basis of the
following criteria:

a. The lap belt and its components shall withstand without failure the
loads developed during a 40 G impact with a 95th percentile size anthropomorphic
dumy.

|1



S-. •b. Webbing slippage through any lap belt adjuster shall not exceed more
than one-half Inch.

c. The lap belt buckle shall be manually releasable after the impact test.
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SECTION 2

TEST METHODS

A. FACILITIES AND PROCEDURES

The impact tests were performed using a horizontal impact facility, the
AFAMRL Impulse Accelerator (Shaffer, 1976). The facility consists of a gas-
operated actuator, a test sled, and track rails as shown in Figure 1. The
planned acceleration level to be produced by the facility actuator was 40 G
with an impact velocity of 106 ft/sec.

The restraint systems were mounted on a generic seat that was designed
incorporating seat geometry in accordance with MIL-S-9479B. The seat back angle
was 13 degrees aft of vertical, and the seat pan was inclined 6 degrees above
the horizontal. The seat and test sled are shown in Figure 2.

The anthropomorphic dummy that was used in the tests was a Type C-95 manufac-
tured by Alderson Research Laboratories, Inc. The dummy weighed 210 lb and was
designed to approximate 95th percentile adult male USAF flying personnel weight,
stature, and sitting height (NASA Ref. Pub. 1024, 1978). Prior to each test the

• -" dumny's joints were adjusted to a nominal one-S value in accordance with Federal
Motor Vehicle Standard No. 208 (U.S. Department of Transportation, 1972).

The test dumay was seated in the generic seat and restrained by two shoulder
straps and a lap belt. New harnesses were used for each test. In two tests a
negative-G strap was used to anchor the lap belt to the seat structure. Prior
to each test the lap belt and shoulder harness were preloaded to a force of 10
+2 lb measured at the shoulder harness and lap belt attachment points. After
ill adjustments to the restraint system were completed, each belt and shoulder
harness strap was marked at the adjuster to allow measurement of belt slippage.

The first test was accomplished at a level of 32.8 G. Subsequent tests were
accomplished at the 40 G level. The temperature of the laboratory area was
maintained at 70 +5 degrees F. throughout the test program.

Measurements taken during the impact tests included impact sled acceleration and
velocity, loads measured at the attachment points of the restraint harness, and
displacement of targets mounted on the test dummy. The restraint harness was
inspected for damage and belt slippage measurements were made immediately after
each test. A functional test was also performed by the test conductor after
each test to evaluate the operability of the lap belt buckle. Photographs were
taken of all failed equipment after each test.

B. TEST ARTICLES

The HBU-X lap belt used in this test program is an automatic opening, adjustable
safety belt for aircraft ejection seats. The automatic opening feature of the

3
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belt is provided by a gas-activated mechanism that is an integral part of the
buckle. The buckle assembly also incorporates a mechanism to provide manual
opening and a connection for a gold key used for automatic parachute deployment.
The belt consists of two double lengths of fabric webbing, two adjusters, and
two seat-attachment anchors.

The HBU-X lap belt configurations tested consisted of seven different combina-
tions of components. The component of primary interest was the belt webbing
adjuster. Two types of adjusters were evaluated: an H. Koch and Sons Part No.
015-12231-3 adjuster (see Figure 3) and an East/West Industries, Incorporated,
Part No. 184C100-1 adjuster (see Figure 4). The attachment anchors used to
fasten the lap belt to the seat were fabricated in accordance with Frost
Engineering Development Corporation Drawing No. 549035. Two types of webbing
materials were used to study the influence of webbing material on the efficacy
of the lap belt adjusters. These materials were 1 3/4-inch wide polyester
webbing type III, class 1 (MIL-W-25361C) and 1 3/4-inch wide nylon webbing type
XIII, class 1 (NIL-W-4088H). The final two tests were accomplished using 1
3/4-inch wide polyester webbing, type III, class 2, impregnated with latex
rubber. For the majority of the tests, the lap belt buckle developed by the
Frost Engineering Development Corporation (see Figure 5) was used. However, due
to the limited number of Frost buckles available, HBU-2B/A buckles were used in
five of the tests as shown in Figure 6.

The lap belts were tested as an integral part of a lap belt and shoulder harness
configuration. The shoulder harness was an MB-6 harness (MIL-H-5364D) construc-
ted of 1 3/4-inch wide type I polyester webbing (MIL-W-25361C).

The shoulder harness attaching link was designed in accordance with USAF Drawing
No. 63B4009. A negative-G strap, Part No. 45402-0101649-01 constructed of
1 3/4-inch wide type I polyester webbing, was used in two tests.

C. ELECTRONIC DATA ACQUISITION SYSTEM

Both data acquisition and processing requirements were satisfied by utilizing
the data acquisition system described in Appendix A. For this test program,
data were taken using 14 channels. Electronic equipment mounted on the test
sled was used to amplify, filter, and encode the data from all channels into a

*digital format (pulse-code modulated) which was then transmitted via an
umbilical cable to a word formatter. The word formatter reformatted the serial
data into parallel data which were then routed to a PDP-11/34 computer for
storage and analysis.

N. Electronic data collected during the tests consisted of sled acceleration and
velocity and harness loads. Sled acceleration was measured using three
miniature piezoresistive accelerometers mounted to the structure of the sled.
Velocity was computed from displacement data collected during the impact phase
of the tests. The test fixture was instrumented to measure the restraint forces
by using load cells at each of the restraint system attachment points. Detailed

* 4 6



FIGURE 3. LAP BELT ADJUSTER MANUFACTURED BY
H. KOCH AND SONS

FIGURE 4. LAP BELT ADJUSTER MANUFACTURED BY
EAST/WEST INDUSTRIES INCORPORATED
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FIGURE 5. LAP BELT BUCKLE DEVELOPED BY
FROST ENGINEERING DEVELOPMENT CORPORATI

FIGURE 6. HBU-2B/A LAP BELT BUCKLE
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descriptions of the instrumentation, electronic data processing equipment,

mounting procedures, and calibration techniques are provided within Appendix A.

D. PHOTOGRAM4ETRIC SYSTEM

Two motion-picture cameras (Photosonic Model 16m-lB) were mounted on the sled
to record the movement of the test dummy and to document any failure of the
restraint system. One camera provided a side view of the seated dummy and the
second camera was located to provide a front oblique view. Each camera was
operated at 500 frames per second and was synchronized with the electronic data
by a pulse code and an electronic flash.

A video camera was also used to document the tests. This camera and the
recorder used with it are capable of recording motion at a rate of 120
frames/sec with an effective shutter speed of 10 microseconds or less. Use of
this system allowed the investigators to evaluate the lap belt response to
impact immediately after each test. This system is described in Appendix A.

E. DATA PROCESSING

Data from each test were reduced in a standardized format. Reduced electronic
data are available for review within Appendix B. Computer summaries provide
relevant maxima and minima from a total of 14 recorded signals. Relevant sums
and times were also computed. The sum of the measured forces are the maximum
values of continuously summed measurements. Scaled plots of selected signals
and computed resultants were produced. Time integrals of sled acceleration
signals were compared with velocity determined from displacement measurements.

9
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SECTION 3

FINDINGS

A. TEST-BY-TEST NARATIVES

Test 2021 - A test of a lap belt assembly including an HBU-28/A buckle,
polyester webbing, and Koch adjusters. The maximum sled acceleration was
32.8 G, the maximum sled velocity was 95.1 ft/sec, and the duration of the
acceleration pulse was 143 milliseconds. The measured lap belt slip through
each adjuster was less than Is inch. The measured slip of the webbing through
the shoulder harness adjusters was less than Is inch.

Test 2022 - A test of a lap belt assembly including an HBU-2B/A buckle, poly-
ester webbing, Koch adjusters, and a negative-B strap. The maximum sled
acceleration was 40.2 6, the maximum sled velocity was 106 ft/sec, and the
duration of the acceleration pulse was 128 milliseconds. The measured lap belt
slip through the adjusters was 2 * inches on the left side and I inch on the
right side. The measured slip of webbing through the shoulder harness adjusters
was less than Is inch.

Test 2025 - A test of a lap belt assembly including a Frost buckle, polyester
webbing, and East/West adjusters. The maximum sled acceleration was 39.4 G, the
maximum sled velocity was 105 ft/sec, and the duration of the acceleration pulse
was 127 milliseconds. The measured lap belt slip was less than is inch. The
measured webbing slip through the shoulder harness adjusters was less than I
inch. The manual release of the buckle functioned satisfactorily after the
acceleration test.

Test 2026 - A test of a lap belt assembly including a Frost buckle, polyester
webbing, and Koch adjusters. The maximum sled acceleration was 40.0 G, the
maximum sled velocity was 105 ft/secq and the duration of the acceleration pulse
was 129 milliseconds. The measured lap belt slip through the adjusters was 4 is
inches on the right side and 2 3/4 inches on the left side. The measured slip
of the webbing through the shoulder harness adjusters was less than I inch. The
manual release of the buckle functioned satisfactorily after the acceleration
test.

Test 2027 - A test of a lap belt assbly including a Frost buckle, polyester
webbing, and East/West adjusters. The maximum sled acceleration was 39.8 G, the
maximum sled velocity was 104 ft/sec, and the duration of the acceleration pulse
was 130 milliseconds. The measured lap belt slip through the adjusters was less
than I inch. The measured slip of webbing through the shoulder harness
adjusters was less than i inch. The manual release of the buckle functioned
satisfactorily after the acceleration test.

Test 2028 - A test of a lap belt assemly including a Frost buckle, polyester
webbing, and Koch adjusters. The maxim sled acceleration was 40.4 G, the

10



maximum sled velocity was 106 ft/sec, and the duration of the acceleration pulse
was 127 milliseconds. The measured lap belt slip through the adjusters was 2 14
inches on the right side and less than I inch on the left side. The measured
slip of webbing through the shoulder harness adjusters was less than I inch.
The manual release of the buckle functioned satisfactorily after the accelera-
tion test.

Test 2029 - A test of a lap belt assembly including a Frost buckle, polyester
webbing, East/West adjusters, and a negative-G strap. The maximum sled
acceleration was 40.1 G, the maximum sled velocity was 106 ft/sec, and the dura-
tion of the acceleration pulse was 128 milliseconds. The measured lap belt slip
through the adjusters was less than inch. The measured webbing slip through
the shoulder harness adjusters was less than ] inch. The manual release of the
buckle functioned satisfactorily after the acceleration test.

Test 2030 - A test of a lap belt assembly including a Frost buckle, polyester
webbing, and Koch adjusters. The maximum sled acceleration was 39.6 G, the
maximum sled velocity-was 106 ft/sec, and the duration of the acceleration pulse
was 126 milliseconds. The measured lap belt slip through the adjuster was 4 3/4
inches on the right side and less than I inch on the left side. The measured
webbing slip through the shoulder harness adjusters was less than 1 inch. The
manual release of the buckle functioned satisfactorily after the acceleration
test.

Test 2031 - A test of a lap belt including an HBU-2B/A buckle, polyester
webbing, and Koch adjusters. The maximum sled acceleration was 39.7 G, the
maximum sled velocity was 105 ft/sec, and the duration of the acceleration pulse
was 129 milliseconds. The measured lap belt slip through the adjusters was
2 3/4 inches on the left side and less than inch on the right side. The
measured webbing slip through the shoulder harness adjusters was less than
s inch.

Test 2080 - A test of a lap belt assembly constructed of nylon webbing, Frost
buckle, and East/West adjusters. The maximum sled acceleration was 40.2 G, the
maximum sled velocity was 107 ft/sec, and the duration of the acceleration pulse
was 121 milliseconds. The measured lap belt slip through the adjusters was
inch on the left side. The right side of the lap belt retracted 5/8 inch into
the adjuster. The measured slip of the webbing through the shoulder harness
adjusters was 1 4 inch on the right side and 1 7/8 inch on the left side. The
shoulder harness attaching link failed at its point of attachment to the
shoulder harness load cell clevis as shown in Figure 7. The peak load measured
at this attachment was 4549 lb. The lap belt material then failed near its
point of attachment to the belt buckle. The buckle automatic disconnect mecha-
nism failed after the lap belt failed. The failure of the automatic disconnect
mechanism was apparently caused by the shoulder harness that was still attached
to the dumny's neck. The sequence of failure was substantiated by electronic
and photogrammetric data.



FIGURE 7. PHOTOGRAPH OF THE SHOULDER HARNESS ATTACHNENT
LINK FAILURE, TEST 2080
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Test 2081 - A test of a lap belt assembly including nylon webbing, a Frost
buckle, and Koch adjusters. The maximum sled acceleration ws 40.6 6, the maxi-
mum sled velocity was 106 ft/sec, and the duration of the acceleration pulse was
126 milliseconds. The measured lap belt slip through the adjusters was 14
inches on the left side and 3 4 inches on the right side. The shoulder harness
webbing slipped through the adjusters 5/8 inch on the left side and less than
inch on the right side. The shoulder harness attaching link failed at its point
of attachment to the shoulder harness load cell clevis. The shoulder harness
load measured at the instant of failure was 4395 lb. The lap belt failed at its
point of attachment to the lap belt buckle after the shoulder harness failed.

Test 2082 - A test of a lap belt assembly including a Frost buckle, nylon
webbing, and East/West adjusters. The maximum sled acceleration was 38.9 G, the
maximum sled velocity was 105 ft/sec, and the duration of the acceleration pulse
was 128 milliseconds. The measured lap belt slip through the adjusters was less
than inch. The measured slip of the webbing through the shoulder harness
adjusters was less than inch. The manual release of the buckle functionedsatisfactorily after the acceleration test.

Tc-t 2083 - A test of a lap belt assembly including nylon webbing, a Frost
buckle, and Koch adjusters. The maximum sled acceleration was 42.9 6, the maxi-
mum sled velocity was 108 ft/sec, and the duration of the acceleration pulse was
126 milliseconds. The measured lap belt slip through the adjusters was less
than inch. The buckle automatic disconnect mechanism failed. This mechanism
includes a release plug that retains the link tongue of the buckle to the auto-
matic disconnect body. The plug was pulled over the lip of its socket in the
disconnect body. The loads that were measured at the right and left lap belt
attachments were 3321 lb and 3740 lb, respectively. The higher-than-planned
acceleration measured during this test was attributed to the release of mass of
the test dumny from the total accelerated mass of the sled resulting from the
restraint system failure.

Test 2084 - A test of a lap belt assembly including nylon webbing, a Frost
buckle, and Koch adjusters. The maximum sled acceleration was 39.5 G, the maxi-
mum sled velocity was 105 ft/sec, and the duration of the acceleration pulse was
126 milliseconds. The lap belt slipped through the adjusters 1 J inches on the
left side and less than h inch on the right side. The measured webbing slip
through the shoulder harness adjusters was less than inch. The manual release
of the buckle functioned satisfactorily after the acceleration test.

Test 2087 - A test of a lap belt assembly including latex-impregnated polyester
webbing, an HBU-2B/A buckle, and East/West adjusters. The maximum sled
acceleration was 40.4 G, the maximum sled velocity was 105 ft/sec, and the dura-
tion of the acceleration pulse was 126 milliseconds. The measured lap belt slip
through the adjusters was less than h inch. The measured slip of webbing
through the shoulder harness adjusters was less than h inch.

* Test 2088 - A test of a lap belt assembly including latex-impregnated polyester
webbing, an HBU-2B/A buckle, and Koch adjusters. The maximum sled acceleration
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was 40.6 G, the maximum sled velocity was 106 ft/sec, and the duration of the
acceleration pulse was 127 milliseconds. Both sides of the lap belt slipped
completely through the adjusters. The measured slip of webbing through the
shoulder harness adjusters was less than ; inch.

B. SUMARY OF DATA

The results of the tests accomplished during this program are sumarized in
tables I and II. The detailed data from the sixteen tests accomplished during
this program are provided in Appendix B.

4.14
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SECTION 4

DISCUSSION

A. ADJUSTER TEST RESULTS

Six tests were accomplished using the East/West adjusters in combination with
nylon, polyester, or latex-lnregnated polyester webbing, and the Frost or
HBU-2B/A buckles. Five of these tests--2025, 2027, 2029, 2082, and 2087--were
judged to be successful since the restraint systems did not structurally fail
and the adjusters limited the lap belt slippage to i Inch or less. Test 2080
was not considered to be an adequate test of the lap belt assembly because the
shoulder harness failed. There was no evidence to conclude that the East/West
adjusters were at fault in this test since the lap belt slippage was within the
-Inch allowable slippage. Slippage of the shoulder harness adjusters may have

contributed to the failure of the shoulder harness attaching link, but the
shoulder harness load-time history does not support this contention.

Ten tests were accomplished using the Koch adjusters in combination with nylon,
polyester, or latex-impregnated polyester webbing, and the Frost or HBU-2B/A
buckles. Test 2021 was judged to be an inadequate test of the lap belt and
adjusters since the acceleration was limited to 32 G. Tests 2022, 2026, 2028,
2030, 2031, 2084, and 2088 were judged to be failures of the Koch adjusters due
to lap belt slippage. The belt slippage measured in these seven tests ranged
from I h to 14 h inches. In Test 2088 the lap belt slipped completely through
both adjusters. Test 2081 was considered to be an inadequate test of the lap
belt adjusters since the shoulder harness failed. Test 2083 was judged to be an
inadequate test of the lap belt adjusters since the lap belt buckle automatic
release mechanism failed very early in the acceleration pulse.

B. SHOULDER HARNESS ATTACHMENT LINK FAILURES

The shoulder harness failures during tests 2080 and 2081 consisted of tear-out
of the material surrounding the 7/64-inch diameter attachment hole of the
attaching link (USAF Drawing No. 63B4009) of the MB-6 shoulder harness. This
type of failure is shown in Figure 7. The peak shoulder harness load measured
during Test 2080 was 4395 lb and 4530 lb during Test 2081. Tensile tests con-
ducted subsequently with other samples of the attaching link failed at 5180 and
5300 lb. Rockwell hardness tests of the failed attaching links indicated that
they exceeded the minimum hardness specified by USAF Drawing No. 63B4009. Other
factors that may have contributed to the failure of the attaching links include
slippage of the lap belt and shoulder harness adjusters. Lap belt slippage was
within acceptable limits on Test 2080, but the shoulder straps slipped 1 7/8
inch on the left side and 1 on the right side. In Test 2081 slippage of the
shoulder straps was 5/8 inch on the left side and ] inch on the right side, and
the lap belt slippage was 14 inches on the left side and 3 4 inches on the
right side. However, it was not possible to determine how much of the lap belt

Nslippage occurred before the attaching link failure.
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C. AUTOMATIC DISCONNECT FAILURES

The failures of the automatic disconnect mechanism of the Frost buckle seen
in tests 2080 and 2083 have been evaluated by the Frost Engineering Development
Corporation for the Life Support Systems Program Office under Contract
F33657-81-C-0104 (Frost, 1983). The Frost evaluation report points out that the
loads encountered during the 40 G impact tests were close to the originally
specified 4500-lb ultimate strength of the buckle hardware (Specification
412A-07878-55016). The report also emphasizes that the absence of a negative-G
strap creates a much more severe combined-loading condition than was required by
the original development specification. The loading conditions of the
development specification were predicated on a negative-G strap and shoulder
harness always being installed and thus counterbalancing each other across the
link tongue of the buckle. The Frost report contends that when there is no
negative-G strap to counterbalance the shoulder-harness load, the shoulder har-
ness and lap belt loads cause the manual release and the automatic disconnect
assemblies of the buckle to pivot downward at their respective ends and the
shoulder harness twists the link tongue upward relative to these assemblies.
The net effect is to add significant side-load components to the original loads
that governed the design of the manual release and the release plug of the auto-
matic disconnect. Thus, the Frost report concludes, these loads caused the

*. release plug in the automatic disconnect assembly to be pulled over the lip of
its socket.

D. STATIC VERSUS DYNAMIC LOADS

The HBU-X lap belt development specification static load conditions were
*apparently based on the presumption that the maximum loads that will be applied

to the belt buckle during the 40 G impact test are opposing forces of 2880 lb
from each side of the lap belt and opposing forces of 3600 lb from the shoulder
straps and negative-G strap. Review of the data collected during the test
program described within this report shows that the measured dynamic loads are
considerably greater than the static loads described by the specification. The
maximum loads measured at the seat attachment points of the shoulder harness,
lap belts, and negative-G strap are summarized in Table II. The highest
shoulder strap load measured was 4642 lb in test 2029, a successful test. The
highest lap belt load measured in any test was 6095 lb in Test 2080 at the
instant of lap belt failure (This failure was secondary to shoulder harness
failure.). The maximum lap belt load measured in a test without structural
failure was 4847 lb (Test 2025). The maximum load measured in the negative-G
strap was 267 lb (Test 2022).

The proportion of load carried by the negative-G strap in these tests is much
lower than would be expected on the basis of data collected during tests of this
restraint configuration conducted with human subjects (Hearon et al., 1983). On

Sthe basis of the human test data, the investigators would expe-t-EFTe negative-G
strap load to be approximately five times higher than the maximum value measured
during this test program.

18



E. NYLON WEBBING TEST RESULTS

Five tests were conducted using lap belt assemblies fitted with nylon webbing.
One of the five tests, Test 2082, was judged to be successful. The successful
test was accomplished using East/West adjusters and the Frost buckle. Three of
the tests were not considered to be valid tests of the adjusters in combination
with nylon webbing since either the shoulder harness attachment link or the lap
belt buckle automatic disconnect mechanism failed. One test with the Koch
adjusters in combination with nylon webbing was considered to be a valid test,
but the adjuster mounted on the left side of the lap belt allowed the webbing to
slip 11 inches.

The tests where nylon webbing was used were insufficient in number to draw
general conclusions regarding the influence of the nylon webbing on adjuster
slippage tendency or restraint-harness load levels. However,. the load levels
would not be expected to be significantly different since the stress-strain
characteristics of type III polyester webbing and type XIII nylon webbing are
similar (Phillips et al., 1982).

%19
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SECTION 5

CONCLUSIONS AND RECO14ENDATIONS

The impact tests that were performed demonstrated that the adjusters manufac-
tured by East/West Industries, Incorporated (Part No. 184C100-1) could sucess-
fully withstand the lap belt loads imposed during a 40 G impact test with a 95th
percentile anthropomorphic dummy.

The East/West adjuster permitted no more than the one-half inch slippage of
webbing under 40 G loads regardless of the type of webbing material used in the
HBU-X lap belt configuration.

The 40 G impact tests of the adjuster manufactured by H. Koch and Sons (P/N
015-12231-3) demonstrated that the adjuster allows slippage of the HBU-X lap
belt webbing beyond acceptable limits.

The Koch adjuster performance did not appear to be influenced by the type of
webbing material that was used in the HBU-X lap belt configuration.

The shoulder harness attachment link (USAF Drawing No. 6384009) of the 1B-6
shoulder is inadequate to withstand 40 G impact tests with a 95th percentile
dummy. Engineering analysis and redesign of the attachment link are recommended
on the basis of the harness load data within this report.

A failure mode of the HBU-X lap belt buckle automatic disconnect mechanism was
discovered which appears to be related to the unanticipated direction and magni-
tude of the loads applied to the buckle during the impact tests. The buckle was
designed in accordance with a developmental specification that presumed a
negative-G strap would always be used with the buckle. The negative-G strap
would counterbalance the shoulder harness loads. Since the HBU-X lap belt may
be used operationally without the negative-G strap, the presumption is incorrect
and leads to unrealistic design-load assumptions. (Note: Redesign of the auto-
matic release mechanism of the buckle has been accomplished.)

The directions and magnitudes of static loads applied to the HBU-X buckle as
specified in the developmental specification are not representative of the
directions and magnitude of loads applied to the buckle during 40 G impact
tests.

The load carried by the negative-G strap during the 40 G impact tests with dummy
subjects is considerably lower than would be predicted from 10 G tests of the
same harness configuration with human subjects.

The design and test load conditions of the lap belt specification should be
revised to reflect the findings of this experimental test program and previous
impact tests conducted with human subjects.

Insufficient numbers of tests were conducted to evaluate the influence of nylon
or polyester webbing material or webbing treatment on lap belt loads.

20



APPENDIX A

DATA ACQUISITION SYSTEM

A. INSTRUMENTATION

Data collected during the HBU-X lap belt test program consisted of impact sled
acceleration, velocity and restraint harness loads. Sled acceleration was
measured using three miniature piezoresistive accelerometers mounted to the sled
structure. Loads in the restraint systems were measured by load cells mounted
to the restraint harness attachment fittings. The measurement transducers used
in the test program are listed in Table A-i, which designates the manufacturer,
type, serial number, sensitivity and other specifications of each transducer
utilized. Table A-2 provides specifications for test event data, channel bias
voltage, and transducer excitation voltage. The instrumentation coordinate
system and the locations of the load cells in the x, y, and z axes are shown in
Figure A-1.

The three accelerometers were positioned to measure the acceleration of the
sled in the x, y, and z axis. The package consisted of two Endevco Model 2264
and one Endevco Model 2262 accelerometers mounted to a 3/4 x 1 x 1 inch aluminum
block which was mounted to the undersurface of the sled.

Pre-program and post-program calibrations were made to check the accuracy of the
data-measuring transducers. The calibration of the accelerometers was performed
by the Dynalectron Corporation using the reciprocity method (Ensor, 1970). A
laboratory standard accelerometer, calibrated on a yearly basis by Endevco with
standards traceable to the National Bureau of Standards, and a test acceler-
ometer were mounted on a shake table. The frequency response and phase shift of
the test accelerometer were determined by driving the shake table with a random
noise generator and analyzing the outputs of the accelerometers with a PDP 11/15
minicomputer and 1923 Time Data Unit using Fourier analysis. The natural fre-
quency and damping factor of the test accelerometers were determined, recorded,
and compared to previous calibration data for that test accelerometer. Calibra-
tions were made at a frequency of 100 Hz and acceleration of 40 G. The sen-
sitivity of the test accelerometer was determined by comparing its output to the
output of the laboratory standard accelerometer.

The negative-G strap was attached to a Strainsert load cell. The calibration of
the Strainsert load cell was performed by the Precision Measurement Equipment
Laboratory (PMEL), Wright-Patterson Air Force Base. PMEL calibrated this load
cell on a periodic basis and provided current sensitivity and linearity data.

Three triaxial GM load cells were used to measure the shoulder strap load and
the right and left lap belt loads. These load cells were calibrated to a
laboratory standard load cell in a special test fixture by the Dynalectron
Corporation. The sensitivity and linearity of each load cell were obtained by
comparing the output of the test load cell to the output of the laboratory

21
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standard under identical loading conditions. The laboratory standard load cell,
in turn, is calibrated by PMEL on a periodic basis.

A Globe Industries tachometer, mounted in a special fixture, was used
to measure sled velocity. The fixture consisted of an aluminum wheel, with a
rubber 0 ring around its circumference to assure good rail contact, that was
attached to the rotor of the tachometer. The tachometer was calibrated by
rotating the wheel at various revolutions per minute (RPM) and recording both
the output voltage and the RPM. The sensitivity was dynamically checked out
with a VS300 velocity measuring system manufactured by GHI Systems, Rancho Palos
Verdes, California. The VS300 system consists of a timing unit and an optical
sensor mounted near the track rails. As the sled travels along the track rails,
a metal blade on the sled interrupts the optical sensor beam. The -ining unit
displays a time which may be correlated to a velocity.

B. AUTOMATIC DATA ACQUISITION AND CONTROL SYSTEM (ADACS)

A The Automatic Data Acquisition and Control System (ADACS) is composed of 48
separate data channels and was designed by the Physical Science Laboratory of
the University of New Mexico. The ADACS provides excitation, amplifier gains
and filtering in addition to digitizing the analog signal from the transducers.
This system, which is rigidly mounted to the sled, can transfer the digitized
electronic data via a seven-wire whip cable to the digital computer interface.

The sled-mounted portion of the ADACS consists of three major components: the
power conditioner, the signal conditioner, and the encoder. The configuration
is outlined in Figure A-2. The power conditioner receives 28 VDC via the whip
cable and provides six regulated voltages. The signal conditioner contains 48
modules capable of processing transducer data. Each module has an amplifier and
filter section. Each amplifier can be programmed for one of seven gains by use
of external gain plugs. Each filter can be programmed for one of four filter
frequencies by use of external filter plugs.

Each module provides +5 and +10 VDC for transducer excitation and +2.5 VDC for
output signal offset, if necessary. Bridge completion and balance resistors can
be added to the module input connector, if necessary. The 48 module output
signals are digitized via the pulse code modulation (PC1) encoder into 48
eleven-digit words. Two additional 11-bit synchronization (sync) words are
added to the data frame. This 50-word data frame is then sampled at a rate of
1000 samples per second. Three synchronization pulse trains (bit sync, word
sync, and frame sync) are added to the word frame and sent to the computer via
the junction box and whip cable.

The PDP 11/34 minicomputer receives serial data from the ADACS. The serial data
coming from the sled are converted to parallel data in the data formatter. The
data formatter deposits data by direct memory access (DMA) into the computer
memory via the buffered data channel where data are stored on disk temporarily
to be later transferred to magnetic tape for permanent storage. The inter-
relationships among the data acquisition and storage equipment are shown in
Figure A-3.
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Test data were reviewed immediately after each test by using the "Quick-Look"
CHAN routine. CHAN may be used to produce a plot of the data stored on any
channel as a function of time or to calculate velocity by integrating sled
acceleration. The routine determines the minimum and maximum values of any data
plot.

A 100 Hz timing reference was an integral part of the data acquisition system.
This 100 Hz signal was initiated at T-O by the countdown clock. Thirty
milliseconds after T-O, a second signal mark was generated and provided a
temporal reference for electronic and photogrammetric data.
C. PHOTOGRAHMETRIC DATA ACQUISITION AND REDUCTION SYSTEM

Photogrametric data were acquired through the use of high-speed l6mm cameras
operating at a rate of 500 frames per second. The cameras were Photosonic Model
No. 161M-1B pin-registered units which were capable of withstanding 100 G. Two
cameras were mounted on the test sled, and one camera was mounted off the sled.
During a test, the cameras were started and stopped automatically by the Camera
and Lighting Control Station, which is a part of the impact facility safety and
control system. The cameras were started at a preset time in the test sequence
and ran for four seconds per test.

An automatic film reader (AFR), developed by Photo Digitizing Systems, Inc., was
used to digitize and record photographic data on magnetic tape. The subsystem
consists of:

Film motion analyzer with 16am projection head
Electronic scanning camera
Control unit
Alphanumeric cathode ray tube (CRT)
Line printer
Magnetic tape transport

The film reader recognizes quadrant or circular fiducial targets. It automati-
cally tracks and extracts data for up to ten targets per film frame at a minimum
rate of one-half film frame per second. The X-Y coordinate position of each
target on each film frame is input to the computer and recorded on magnetic
tape.

A NOVA 3/12 computer, which contains 16K 16-bit words of core memory, a CRT ter-
minal, and a magnetic tape transport with suitable interface, controls the AFR.
In addition, a parallel data link is provided between the NOVA 3/12 and the PDP
11/34 computers.

An alphanumeric CRT (DGC 6052) automatically displays the AFR control infor-
mation. The CRT display and its keyboard function are used as separate devices.
The keyboard is a transmit-only device, and the display is a receive-only device
with the additional capability of transmitting cursor position information on
program request.

28
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A line printer, LA36 Decwriter II, provides hard copies of the information pre-
sented on the 6052 CRT. The LA36 is a medium-sized interaction terminal with a
low-speed impact printer and a standard ASCII keyboard consisting of alpha-
numeric characters and non-printing system control codes.

Either the Decwriter or the 6052 CRT output may be assigned to the POP 11/34A.
Programs can also be established which can "down load" from the disc on the POP
11/34A to the NOVA, or digital film data can be loaded on the POP 11/34A for
processing and disc storage.

D. VIDEO

An Instar (Instant Analytical Replay) video camera system was used to document
each impact event. The videotape was available for review by the test conductor
immediately after the impact event.

The Instar is a compact, portable, fully transistorized instrument that combines
.4' the long recording capacity and instant replay features of video tape. Each

system records 120 frames/second with an effective shutter speed of lOus or less
and will play back all recordings in real time, stop action, reverse slow
motion, and variable slow motion (2 - 15 percent of real time). Each of the
frames is sequential and non-interlaced.

The Instar system that was used incorporated two cameras and a special-effects
generator for the added flexibility of split screen. The simultaneous display
of two events offers the precise evaluation of three-dimensional problems or the
referencing of one physical event to an instrument (i.e., digital clock or
oscil loscope).

E. TIMING REFERENCE - PHOTOGRAMMETRIC

The high-speed cameras utilized a light-emitting diode driver, LM Dearing Model
2/3/3R, to place a mark on the film, thereby establishing a time reference.
This mark (a red bar) was generated once every ten milliseconds for a duration
of 0.75 milliseconds and was initiated at T-0 by the countdown clock. These
photo-timing pulses were generated at the same time as the eletronic timing
pulses, thus providing temporal correlation between the two signals. A special-
event flash was used to mark the film frame at the start of the impact event.
This flash consisted of an electronic photo flash which was actuated by the
electronic event signal.
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. APPENDIX B

DATA SUMMARIES AND GRAPHS

This appendix contains the data collected from each test accomplished in this
test series. These data are summarized in a table of maximum and minimum values
with corresponding times of maximum and minimum values and in graphs of sled
accelerations, sled velocity, and loads measured at the restraint tie-down
points.

The data printed out in tabular form are identified by an abbreviated title.
The data are listed in four columns titled max (the maximum value), min (the
minimum value), 11 (the time the maximum valued occurred), and T2 (th- time the

0, minimum value occurred). A fifth column identifies the data channel number.
The values of time are specified in milliseconds. An event mark is used to
synchronize the electronic and photometric data. The event time is the first
data value specified on each table. To correlate a time value form one test to
another, the reader must calculate the values of T1 and T2 with respect to the
common time event mark. For example, if the event mark time is 160 milliseconds
and the max value of the resultant shoulder harness load occurs at 300 milli-
seconds, subtraction of the event mark time from the time of the max resultant
shoulder harness load yields the correlated time value, 140 milliseconds.

The data titles are defined as follows:

TIME OF EVENT = Time of event correlation mark

2.5V EXT PWR = Monitor of 2.5 volt power

VlO EXT PWR = Monitor of 10 volt power

SHD PLD PRIOR EVENT = Shoulder harness preload prior to impact
LF LAP PLD PRIOR EVENT - Left lap belt preload prior to impact

RT LAP PLD PRIOR EVENT = Right lap belt preload prior to impact

SLED X ACCEL = Sled acceleration In the X axis

SLED X ACCEL (SM) = Sled X acceleration smoothed using a point-
moving average method

SLED Y ACCEL = Sled acceleration in the Y axis

SLED Z ACCEL = Sled acceleration in the Z axis

N-G STRAP = The load acting at the crotch strap tie-down
point
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SLED VEL (INT ACCEL) = Sled velocity computed by intergration of sled

acceleration

SLED VELOCITY = Sled velocity computed from the tachometer

VEL AT EVENT = The velocity at event

SHOULDER LOAD X = The X axis component of the load acting at the
shoulder harness tie-down point

SHOULDER LOAD Y = The Y axis component of the load acting at the
shoulder harness tie-down point

SHOULDER LOAD Z = The Z axis component of the load acting at the
shoulder harness tie-down point

SHOULDER RESULTANT = The resultant of the continuously summed shoulder
harness load components

SHOULDER RES/WT = The maximum resultant shoulder harness load
divided by the total weight of the subject

-4' LF LAP LOAD X = The X axis component of the load acting at the
left lap belt tie-down point

LF LAP LOAD Y = The Y axis component of the load acting at the
left lap belt tie-down point

LF LAP LOAD Z = The Z axis component of the load acting at the
left lap belt tie-down point

- LF LAP RESULTANT = The resultant of the continuously summed left lap
belt load components

RT LAP LOAD X = The X axis component of the load acting at the
right lap belt tie-down point

RT LAP LOAD Y = The Y axis component of the load acting at the
right lap belt tie-down point

RT LAP LOAD Z = The Z axis component of the load acting at the
right lap belt tie-down point

RT LAP RESULTANT = The resultant of the continuously summed right
lap belt load components

31



HBUX LAP BELT STUDY TEST: 2021 SUBJ8 95X NTt 204.0 NOM G 32.0 CELL: X

DATA 10 MAX "IN TI T2 CH

TIME OF EVENT 175.00 37

2.5V EXT PWR 2.51 2.49 357.00 143.00 47
IOY EXT PNR 10.01 9.98 419.00 58.00 48

SHO PLO PRIOR EVENT 21.91 70.00 170.00
LF LAP PLD PRIOR EVENT 34.82 70.00 170.00
AT LAP PLD PRIOR EVENT 32.04 70.00 170.00

SLED X RCCEL 1.97 -32.81 86.00 336.00 1
SLED X ACCEL (SK) 1.51 -32.58 185.00 337.00
SLED Y ACCEL 2.02 -2.31 362.00 526.00 2
SLED Z RCCEL 3.64 -2.13 490.00 M85.00 3

SLED VEL (INT ACCEL) 0.03 -95.11 2UO.00 12.00
SLED VELOCITY 0.22 -94.28 195.00 435.00 29
VEL AT EVENT -94.28 435.00
ShOULDER LORD X 5845.52 -36.07 319.00 470.00 25

SHOULDER LORD Y 137.69 -U3.33 339.00 301.00 22

SHOULDER LOAD Z 873.41 -9.78 321.00 48.00 21
SHOULDER RESULTANT 3940.16 0.33 19.00 577.00

LF LAP LORD X 2389.82 -14.97 321.00 193.00 15
LF LAP LOAD Y 1016.49 -6.29 324.00 638.00 16
LF LAP LOAD Z 2312.54 1.76 322.00 610.00 17
LF LAP RESULTANT 3472.08 5.22 324.00 610.00
AT LAP LORD X 2292.21 -25.0U 325.00 718.00 18

AT LAP LOAD Y 1304.74 -7.05 324.00 590.00 19
AT LAP LOAD Z 2408.11 -0.17 325.00 617.00 20
AT LAP RESULTANT 3570.57 3.11 325.00 617.00
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H43UX LAP BELT STUDY TEST "Of 2021 SUJ ID: S

10.0 SLED X (G)

-S -30.0-

10.0 SLED V (G) 10.0 SLED Z (G)

S .0- 5.0

--- S.O0-S.0

.5 170 320 470 620 770 170 330 470 60 770

TIME I" MILLISECONDS

HIUX LAP BELT STUDY TEST Wf02 2021 SUDJ lDI 95s

20.0 SLED INT VEL (F/S)
0 .0e - ------------------------------------------------------------------

-20.0-

-40.0

-60.0

-80.0

20.0 SLED VELOCITY (F/S)
4.~

5 .0 .0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

*i. -20.0
-40.0-
-60.*0

170 330 470 0 770

U TIRE IN NILLISECONDS

33

'p p~s.'.% -- V



HIUX LAP BELT STUDY TEST NOt 2021 SUIJ IDS 95

S000.0- LF LAP X (LB) 500.0 LF LAP Z (LB)
4000.0- 400.0

3000. 0 3009.

2000.0 2000. 0

0.0 0.0

s060.0 LF LAP Y (LB) S000. LF LAP RES (LB)

4000.0 4000.0

3000.0 300. 0

2oo0.0 2o.e0

1000.*0 1000.0
0.0 * 0.0"

170 328 470 620 770 170 320 470 620 770
TIME IN MILLISECONiDS

HDUX LAP BELT STUDY TEST NOt 2021 SUsJJ ID: 9Sx

S0.O iT LAP X (LB) S0080. RT LAP Z (LB)

4000.0 4000.0

3000 0 3000.0•

8 0 0 0 . 0 
80 0 0 . 01000.0 10000

0.0- 0.0 ---

5000.0 RT LAP V (LI) SO0.0 RT LAP RES (LB)

4000.0 40000

3000.0 3000.0
3, 000.0 2000
10001.0 1000.0

0.0 0.0
170 330 470 6 -770 170 320 470 s -770

TINE IN MILLISECOHDS
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HOUX LAP BELT STUDY TEST NO$ 80l SUSJ IDS 96X

So0.-0 - SHOULDER X (L) 50"0.* SHOULDER Z (LB)

4000. 0 4000.0

300.0 3000.0

800I00 O 000.0
awN. 9 - •~~ -

1000.0 , 109.9

36 0 0.0~

S000. 0 SHOULDER V (LI) S000.0 SHOULDER RES (LI)

4040.0- 4091.0 N
170 20 40 Ga 770170 310 470 680 776

1.35



HBUX LAP BELT STUDY TESTs 2022 SUBJ1 952 WT: 2041.0 NON Gs 110.0 CELL: X

DATA 10 MAX MINd TI T2 CH

TINE Of EVENT 207.00 37

2.SV EXT PHA 2.51 2.119 358.00 33.00 474: OY EXT PWR 10.01 9.97 '159.00 227.00 '16

SilO PLO PRIOR EVENT 28.9u1 100.00 200.00
LF LAP PLO PRIOR EVENT 30.118 100.00 200.00
MT LAP PLO PRIOR EVENT 341.82 100.00 200.00

SLED X ACCEL 1.61 -110.19 510A.00 371.00 1
SLED X ACCEL (SNi 1.111 -39.84 5111.00 371.00

*SLED T ACCEL 2.12 -1.118 3411.00 552.00 2
SLED Z ACCEL 11.117 -2.99 519.00 5111.00 3
N-C STRAP 265.58 -2.12 5133.00 327.00 s0
SLED VEL (INT ACCELI 0.02 -105.06 288.00 1139.00
SLED VELOCITY 0.16 -105.29 279.00 '175.00 29
VEL AT EVENT -105.29 4175.00

SHOULDER LOAD X 11121.22 -33.115 aSS.0, 1197.00 23

SHOULDER LORD T 150.20 -113.36 367.00 3413.00 22
SHOULDER LOAD Z 1023.111 -13.33 360.00 5111.00 21
SHOULDER RESULTANT 11531.51 2.01 356.00 551.00

LF LAP LOAD X 2592.32 -20.73 353.00 700.00 15LU LAP LOAD T 11110.91 -15.58 3511.00 786.00 is
LU LAP LOAD Z 2502.52 -20.51 353.00 743.00 17
LU LAP RESULTANT 5777.35 1.32 SS3.00 598.00

RT LAP LORD X 2528.38 -31.20 360.00 707.00 18
AT LAP LORD T 1309.81 -9.59 355.00 838.00 19
RT LAP LOAD Z 2608.69 -18.15 355.00 613.00 20
RT LAP RESULTANT 3828.9S 1.97 355.00 6112.00

36

LE



MIUX LOP BELT STUDY TEST Not W 2023 DS 1335%

IS.*-SLED (G)10.0 -SLED Z (G)

0.0.0

-10.0-.0
-Be.*-0.0 ----- IN-

-30.0 -.

-40.0

-5.0 -L -10.0

10.0 -SLED Y (G) 1000.0 N-C STWA (LB)

300.0
5.0-

600.0

400.0

S 0.0

-10.0 -800.0 1
R00 as0 Soo 650 B00 B00 250 500 650 300

TIME I" MILLISECONDS

NDUX LAP BELT STUDY TEST NO$ 2022 SUDJ IDS 35%

20.0 -SLED lINT VEL (F/S)

-0.0-

-40.0-

-60. 0

-a,.0
-100.0

80.0 SLED VELOCITY (F-'S)

20.0-

-40.0-
-60.0

-90.0

3a" 250 500 660 3a0

TIME IN MILLISECONDS

37



NIUX LAP BELT STUDY TEST NOS 2022 SUBJ IDS 95%

6000.0 LF LAP X (LB) 6006-LF LAP Z (LI)

4000.0-40.

3000.0- 300. 0

10010.0 - 1 90.

5000.- LU LAP V (LB) 5000.0 LU LAP RES MLR)

40090.0 -400006

3#00.60 3000.0

n0o".0 2000 

1000: ~ ftN..%* , 10169.101
0.0 0.0

200 350 SO0 650 300 20 3150 5100 650 3ee

TIME IN MILLISECONDS

HIUX LAP BELT STUDY TEST NO: 2022 SU3J 108 053

S000.0 -RT LAP X (LB) 5000.0 - T LAP Z CLD)

4000.0 -4000. -

3000.0 -3000. -

2000.0 1000.0-

0.0 L ~--- 0.0

5000.0 RT LAP V (LR) 5000. AT LAP RES (LB)

4000.0 -4000.0

3000.0 3000.0-

2000.10 -2000.0

000 100 0

3a" 30 S00 no0 3no0 350 3S0 630 no

TINE IN MILLISECONDS

38



4.

Nnux LA BELT STUY TEST 140 aa SUDJ IDS PU

5000.0 SHOULDER X (LI) SOO0.O SHOULDER Z (LUD)

4000.0 4000.0

3000.0 3000.0

0 000.0 00".10

1000.0 1000.0

0. 0 0.01
a,

5000.0 SHOULDER V (LB) 5000.0 S OULDER RES (LB)

4000.0 -4000.0,

3000.0 3000.0

a OO0.$ - a*".*

1000.0 1000.0

0.0 i -1 1 0.01
.00 350 SO0 6S0 000 200 3SO 500 6SO 800

TIME I" MILLISECONDS

sq3



H6UX LAP BELT STUDY TESTs 2025 SU8J, 95X NTi 2011.0 NON Gs 110.0 CELL: X

DATA ID MAX "N TI T2 ChI

TINE OF EVENT 173.00 57

2.SV EXT PUN 2.50 2.110 280.00 208.00 V17
IOY EXT PUN 10.03 9.96 53.00 WO.0 118

$NO PLO PRIOR EVENT 22.52 70.00 170.00
LP LAP PLO PRIOR EVENT 25.27 70.00 170.00
MY LAP PLO PRIOR EVENT 30.22 70.00 170.00

$ LEO X ACCEL 1.07 -99.39 1166.00 339.00 1
SLED X ACCEL (SN) 1.77 -39.11 1166.00 3311.00
SLED Y ACCEL 2.490 -1.112 300.00 5111.00 2
SLED Z ACCEL 2.66 -1.96 1173.00 329.00 3

SLED VEL LINT ACCEL) 0.1U -1011.51 262.00 399.00
SLED VELOCITY 0.19 -1011.79 171.00 1131.00 29
VEL AT EVENT -1011.79 1131.00
SHOULDER LOAD X '1SSS.52 -38.70 516.00 '151.00 23

SHOULDER LOAD Y 96.62 -111.96 318.00 299.00 22

SHOULDER LORD Z 1033.51 -10.27 821.00 4167.00 21
SHOULDER RESULTANT 11152.51 1.17 316.00 723.00

LF LAP LORD X 3202.29 -10.71 325.00 219.00 15
LF LAP LORD Y 1507.412 -7.96 325.00 687.00 is
LP LAP LOAD 2 2887.36 -16.10 325.00 709.00 17
LF LAP RESULTANT 11555.06 1.62 325.00 708.00
NT LAP LORD X 3267.28 -19.26 326.00 717.00 16

NT LAP LORD Y 15111.06 -13.65 326.00 6311.00 19
NT LAP LOAD Z 3229.57 -10.96 326.00 8111.00 20
AT LAP RESULTANT 11611.58 1.62 326.00 577.00

40



NIUX LAP RELT STUDY TEST HOS 3035 SU3J IDI 95%

-10.0 -SE 0

*-0.0- ...

-30.0

-40.0

10.0- SLED Y (0) 10.0 -SLED 2 (0)

5.0- 5.0

6.-00

170 320 470 620 770 170 3210 470 6310 770
TIME I" "RLLISECONS

a IUX LAP BELT STUDY TEST NOs 8035 SUBJ lot 3$x

20.0 -SLED MYT VEL (F/S)

-0.0-

-80.0-

-40.0

-80.0

80.0 -SLED VELOCITY (F/B)

-0.0*

-30.0-

-60.0

-100,10~
10330 47s 63n 70

TIME IN NILLISECONDO

41



NBUX LAP IELT STUDY TEST Ot 802S suIJJ ID: 95X

So"0.0- LF LAP X (LB) SOO.0 LF LAP Z (LI)

4000.0 - 000

2000.0 -2000.0

1000.0 1000. 0

40.0 400.0

SOO0.0 LF LAP V (LB) S000.0 LF LAP RES (LI)

4000.0 4000.0

300.0 - 3000 

8000.0 -2000. *

1000.0 1000.0

170 380 470 680 770 170 320 470 60 770

TIME I" MILLISECONDS

HIUX LAP IELT STUDY TEST 14101 802S SUBJ Iva gsU

SOOO.0 RT LAP X (LI) SOOO.0 RT LAP Z (LB)

4000.0 - 4000. 0

3000.0 - 3000.

. 8000.0 a,,o.
1000.6 1090.6

0.0 0.0

. 50. 0 RT LAP V (Li) S000.0 - RT L RES (LI)

4000.0- 4000.0-

*3000.0- 3000.0

8000.0 -2000.0-

1000.0 18.

10 380 470 680 770 170 380 470 680 770
TIME IN MILLISECONDS

j 42
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H-BUX LAP RELT STUDY TEST NOs aoOi SUBJ lDt 95S

See*.0 SHOULDER X (LID) SO"O.0 SHOULDER Z (LB)

4000.0- 400.0

3000,0 3000. 0

10"0.0 1000.0

0.0.0

5000.0 SHOULDER V (LI) SO". SHOULDER RES (LB)

4000 *0 4000.0

30".8• 3"S0

000 2000.0

1000.0 1000.0

0.0 .0 0.0
170 320 470 6e0 7?0 170 3f0 470 680 770

TIME IN MILLISECONDS

4



HBUX LAP BELT STUDY TESTs 2026 SUBJt 951 NTs 204.0 NON Gs '0.0 CELL% X
DATA ID MAX MIN TI T2 CH

TIME OF EVENT 160.00 37

2.SV EXT PNR 2.51 2.19 233.00 37.00 471OV EXT PNR 10.02 9.98 583.00 109.00 48
SHD PLO PRIOR EVENT 27.75 60.00 160.00
LF LAP PLO PRIOR EVENT 34.94 60.00 160.00AT LAP PLO PRIOR EVENT 38.62 60.00 180.00

SLED X ACCEL 1.71 -39.96 166.00 916.00 1
SLED X RCCEL (SM) 1.37 -39.62 q66.00 320.00
SLED T ACCEL 2.20 -1.31 291.00 S64.00 2
SLED Z ACCEL 8.98 -5.02 324.00 319.00 a

SLED VEL (INT ACCELI 0.04 -1OS.IS 233.00 388.00
SLED VELOCITY 0.24 -105.33 188.00 '29.00 29
VEL AT EVENT -IOS.SS 429.00
SHOULDER LORD X '19.58 -34.80 321.00 147.00 23
SHOULDER LORD Y 135.62 -11.25 32U.00 '8S.00 22

SHOULDER LORD Z 1081.73 -10.71 322.00 617.00 21
SHOULDER RESULTANT 4154.78 1.37 322.00 571.00

LF LAP LORD X 2794.42 -16.96 307.00 '61.00 is
LF LAP LORD Y 1476.22 -8.68 307.00 649.00 16LF LAP LOAD Z 2849.02 -18.18 306.00 678.00 17LF LAP RESULTANT '118.61 2.87 307.00 559.00AT LAP LOAD X 2718.41 -22.92 307.00 699.00 i

MT LAP LOAD Y 1270.18 -11.16 307.00 519.00 19AT LAP LORD Z 2905.44 -22.3 306.00 729.00 20
AT LAP RESULTANT ISI.64 3.12 306.00 633.00

"

Ji

'p

; 44



NOUx LAP BELT STUDY TEST NOB 8016 SU3J IDS 955

*1,., - SL-D X ()

-30.0

-40.0

%.-SO

10.0 SLED Y (G) 10.0- SLED Z (4)

0S.O S.0

- -. e -0.0

160 310 460 610 760 160 310 460 610 760
,_ ' " TIME IN MSILLISE[CONDS

HDUX LAP BELT STUDY TEST NOt 2036 SUOJ ID$ 95%

20.0 - SLED INT VEL (F/S)

-20.0-

-40.0
" -•.

-60.*0

-301-:O. -,. ~-0.0 ..

20.0 - SLED VELOCITY (F/S)

'* O '.  -20.04o °°e~

-3O0.0

30 10 460 6I0 760

TIME IN MILLISECONDS

45

,N .~

V V p.., -,V - "



HIUX LAP BELT STUDY TEST NO$ a0s SUiJ IDs 96%

5000.0 - LF LAP X (LI) 5000 .0 L LAP Z (LI)

4000. - 4000.0-

3000.0 3000.0

2.0000 2000.0

S1000.0 lose.*

5000 .0 LF LAP Y (LI) S00.0 o LAP RES (LI)

4000.0- 4000.0

3000. 0 3000. 

2000.0 200000

le000. 0 1000.0

0.0- ,.0
160 310 460 610 760 160 310 460 610 760

TIRE I" RILLISECONDS

HDUX LAP BELT STUDY TEST Ot e202 SUDJ IDt 9S%

S90.0 - RT LAP X (LI) S000.0 RT LAP Z (LI)

4000 .0 4000.0

3000.0- 30000.0

2000.0 ,00.

1000.0- 1000.09

S9600.0 RT LAP Y (LI) S90.0 RT LAP RES (LI)

.*. 40000- 40"0,0 0

S3000. 0- 3000.0 -

its.o 0ooo. 200

1000.0 1000.0
0.0 , , 4' 0.0

1s 310 460 610 760 160 310 460 610 760

TI E IN MILLISECONDS

46



kikpTT . - -I -

HIUX LAP BELT STUDY TEST NO Boa SU,/ lD 95%

5000. 0 SHOULDER X ( LD) 59000.0 SHOULDER Z (LID)

4006 • 0 4000.0-
3000.0 r 3000.0

8 000.0 20.

1000.0 1000.0

0.0 0.0

5000.0 . SHOULDER V (LID) 500.0 SHOULDER RES (LB)

4000 0 4000 0

3000. - 3000.*0-

2000.0 2 00. 0

10400.0 1000 *0 0

0.0 • ,--- 0.0 .
160 310 460 610 760 160 310 460 610 7"

TIME IN MILLISECONDS

4.,7



HIUX LAP BELT STUDY TESTs 2027 SUBJI ss MTv 204.0 NON Go 40.0 CELLs X

DATA ID WAX "IN TI T2 CH

TINE OF EVENT 5991.00 37

2.SV EXT PHR 2.51 2.09 124.00 89.00 47
lOV EXT PNR 10.01 9.98 '471.00 39.00 48

,HO PLO PRIOR EVENT 23.13 5890.00 5990.00
LF LAP PLO PRIOR EVENT S3.5S 5890.00 5990.00
AT LAP PLO PRIOR EVENT 30.85 5690.00 5990.00
LED X ACCEL 1.71 -39.76 626.00 6150.00 1

ILED X ACCEL (SN) 1.40 -39.42 6262.00 6149.00
SLED Y ACCEL 2.25 -2.45 6117.00 6316.00 2
SLED Z ACCEL 3.25 -2.368 6289.00 6235.00 3

SLED VEL (INT ACCEL) 0.2% -104.48 6082.00 6214.00
SLED VELOCITY 0.20 -10q.96 601S.00 6253.00 29
VEL AT EVENT -104.96 6253.00
SHOULDER LORD X 4461.89 -31.54 6134.00 5298.00 23

SHOULDER LOAD Y 174.04 -12.68 6156.00 6288.00 22

SHOULDER LOAD Z i105.53 -11.24 6136.00 6284.00 21
ShOULOER RESULTANT 4592.51 0.97 8134.00 6425.00

LF LAP LOAD X 3011.89 -17.65 6140.00 6411.00 15
LF LAP LOAD Y 1525.67 -6.419 61M0.00 6416.00 16
LF LAP LOAD Z 2761.48 -13.88 6139.00 618.00 17
LF LAP RESULTANT 4361.7S 2.99 6140.00 6409.00
RT LAP LOAD X 26U7.75 -19.79 6139.00 6345.00 18

AT LAP LOAD Y 1280.43 -16.14 61140.00 6400.00 19
RT LAP LOAD Z 2677.15 -17.73 6139.00 6414.O0 20
AT LAP RESULTANT 42144.31 1.59 8139.00 6416.00

I - *48-



D4DUX LAP DELT STUDY TEST NO# £0T7 SUlJ IDS 958

4II*e.* SLIED x (4)

-10.0

-a. -"
-30.0

-40.0

10.0 SLED Y (G) 10.0 SLED Z (0)

5.0 5.0-

-5.• -5.0

-0.0 =4"

5990 6140 6M19 6440 6590 S90 6140 6390 6440 6590

TIME IN MILLISECONDS

NBUX LAP BELT STUDY TEST NOW a6I3? SUDJ IDS 952

80. - SLED INT UEL (F'S)

-0.

20.0 SLED VELOCITY (F'S)

-.-..

-40.0-

-00.0

son0 6140 6am6 6440 6590
TINE IN MILLIECONDS

44
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NIUX LAP IELT STUDY TEST NO8 a" Susl lDt 96*

5000.o LF LAP X (LB) 500.0 LF LAP Z (LI)

4000.0-4000. 0

3000.0 A 30004.0

a*".* BOOS. 0

160i. 1000.0
0.0~ 0.0~

5000.o LF LAP V (LI) soo.o LF LAP RES (LI)

4000.0 4000.0

30000. 3000.0

a"*00 - 000.0

1000.0 1000.0

0.0 f 0.0*
5990 6140 U.90 6440 6590 5990 6140 6190 6440 6590

TINE IN MILLISECONDS

1BUX LAP IDELT STUDV TEST NO 808? SUiDJ IDS 35%

5000.0 RT LAP X (LB) SO00.0 RT LAP Z (LID)

4000.9- 4000.0

300. 0 -30". 00

1000 1000.0

1000.0 3ooo.o

0.0 0.0

5000 .O RT LAP V (LB) 500O. RT LAP RES (L)

4000.0 4000.0

30000. 3000.

2000.0 1800.0

1*000:: 160.0.

S.0 O.s
5000 6140 6800 0440 6590 1990 0140 6890 0440 6530

TIME IN MILLIIECONDS

50



HIU LAP DELT STUDY TEST MIO W 63 SSSSJ Is$ 5

W00.90 SHOULDER X (LI) so". 0 UNSOUER Z (LB)

40011.0 -400.0

3000.0 -3010.0

300.0 3000".0

10*0.0 1000.0

0.0 0.01 IS .

9 000.6 SHOULDER V (LB) 51090.0 -SHOULDER M15 (1.3)

4000.0 4000.0

3000.0 3000.0

20ee.0 8000.0

100".0 1000.*0

0. 0 - : .1 0.01 k
5900 6140 639 6440 6590 5990 6140 6U90 6440 690

TINE IN MILLISECONDS

A i ...7----
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HOUX LAP BELT STUDY TESTs 2028 SUBJa 95X WTs 204.0 NON GS 40.0 CELL: X

DATA 10 NAX NIN Ti T2 CH

TINE OF EVENT 203.00 37

2.5V EXT PNR 2.50 2.49 307.00 39.00 17
IOV EXT PUR 10.01 9.98 12.00 249.00 48

SHO PLO PRIOR EVENT 21.74 100.00 200.00
LF LAP PLO PRIOR EVENT 46.03 100.00 200.00
AiT LAP PLO PRIOR EVENT 3.28 100.00 200.00

SLED X ACCEL I.S7 -40.40 450.00 363.00 1
SLED X ACCEL (SN) 1.30 -10.011 500.00 362.00
SLED Y ACCEL 2.22 -0.77 394.00 700.00 2
SLED Z ACCEL 3.66 -2.52 506.00 149.00 3

SLED VEL (INT ACCEL) 0.02 -10S.08 268.00 1129.00
SLED VELOCITY O.IS -105.53 238.00 467.00 29
VEL AT EVENT -1OS.53 467.00
SHOULDER LOAD X 4109.10 -34.09 319.00 460.00 23

SHOULDER LOAD Y 1se.14 -11.23 347.00 127.00 22

SHOULDER LORD Z 1041.20 -12.31 350.00 462.00 21
SHOULDER RESULTANT 4316.46 2.65 319.00 533.00

LF LAP LORD X 2745.53 -21.22 3S1.00 894.00 is
LF LAP LOAD T 1141.27 -10.79 351.00 752.00 16
Lf LAP LOAD 2 2654.92 -20.26 350.00 780.00 17
LF LAP RESULTANT 4061.15 1.69 350.00 565.00
AiT LAP LOAD X 27U4.05 -32.61 3SO.00 717.00 18

RT LAP LOAD Y 1927.52 -7.10 350.00 728.00 19
AT LAP LORD 2 2921.80 -22.76 319.00 709.00 20
AT LAP RESULTANT 4205.23 3.09 319.00 889.00

52
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HDUX LOP RLt. STUDY T9ST "o "n2 sm3 lot 961

-0.0-

-30.0

-40.0

10.0- SLED V (0)1.0 SE2()

SOO0 5.0-

0.~ ~~~W 0 -W* fi A A-

-S.0 S.

TIfE IN MILLISECONDS

H#UX LAP BELT STUDY TEST Not me13 SU3J lot ON

20.0 -SLED I"T VEt. (F/S)

20.0-

-40.0-

-60.0

-0.0,
-100.0*

10.0 -SLED VELOCITY (FnS)

-40.0-

-60.0

-8...

TIRE IN 11ILLISECONSSS

53
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kBUX LAP IELT STUDY TEST "Ot 202 SUlJ IDs S

sees.* LF LAP X (LB) SO"0.0 LF LAP Z (LI)

4000.0 4000. O

3000.0 3000.0

2000.0- 2000.0-

1000.0 1000.6

0.0* 0.0

5000.6 LF LAP Y (LB) 006.0 LF LAP RES (LB)

4060-4 -4000.0

3000.*0- 3000. *

1000.0 1000.0
1see. lose.$-

0.0. .0
2 0 350 Soo 610 300 200 350 Soo 6SO 300

TIE IN MILLISECONDS

45

.'

kIUX LAP IELT STUDY TEST NO' 208 SU3iJ IDS 9%

5000.0 - RT LAP X (LB) so.0 RT LAP Z (LI)

40.00. 4000.0

3000.0-1 3000.0

42000-*0 8000.0

1*"0.* 1000.0

0.0 -, • 0.0 , -

5000.0- RT LAP V (LIB) S00.0 RT LAP RES (LB)

4000.0- 400. 0

30.00. 3000.0

1000.0 l000.O

I..:.O -- , 16So0.0-

0.0 i K 9 e0.0
a00 3s 500 £50 300 to0 3 0 600 060 300

TIME IN MILLISECOHM

I5
IS- * ' ' S o., ,~ - * ~ ! h



NIUX LAP BEL? STUDY TEST NO$ "l SUDJ IDS 95%

5006.0 SHOULDER X (L) 5009.0 SULDER Z (LI)

4000.0 4000.0

3000.0 - 000.0
a,,0.. N0.O
1000.0 10,0 *

0.0 V.O i I -.

5006.0 SHOULDER V (LB) 5000.0 S HOULDER RES RL)

4000.0 4000.0

3000.0 1000.0

1000.0 t 000.0

0.0- r . , . O.O, "'
100.0 1 -91--1000.0

g0 35O 5O0 650 an 200 350 540 60 0 0

THE IN MILLISECONDS

-a,

55
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H6UX LAP BELT STUDY TESTs 2029 SUBJt 95Z NT: 204.0 NOM Gs 10.0 CELL: X

DATA 1D NAX HIM TI T2 CH

TINE OF EVENT 171.00 37

2.SV EXT Pum 2.51 2.49 210.00 369.00 47
JOy EXT PWH 10.02 9.98 407.00 50.00 48

SHO PLO PRIOR EVENT 31.74 70.00 170.00
LF LAP PLO PRIOR EVENT S.59 70.00 170.00
AT LAP PLO PRIOR EVENT 28.51 70.00 170.00

SLED X ACCEL 1.66 -10.13 417.00 331.00 1
SLED X ACCEL (SN) 1.3 -39.83 467.00 531.00
SLED T ACCEL 2.13 -1.67 299.00 509.00 2
SLED Z ACCEL 3.51 -2.44 175.00 417.00 3

N-0 STRAP 193.16 -2.97 191.00 539.00 so
SLED VEL tINT ACCEL) 0.00 -105.67 170.00 396.00
SLED VELOCITY 0.26 -105.61 2711.00 135.00 29
VEL AT EVENT -105.91 435.00

SHOULDER LOAD X 4S06.46 -28.70 819.00 419.00 23

SHOULDER LOAD T 210.47 -21.79 316.00 355.00 22
SHOULDER LOAD Z 1103.72 -10.61 319.00 M68.00 21
SHOULDER RESULTANT 642.10 1.12 318.00 687.00

LF LAP LORD X 3047.19 -17.06 321.00 176.00 15
LF LAP LOAD T 14%6.57 -5.10 321.00 477.00 t6
LF LAP LORD Z 2773.73 -5.61 320.00 609.00 17
LF LAP RESULTANT 1967.10 3.60 321.00 462.00

AT LAP LOAD X 2935.419 -22.92 320.00 632.00 18
AT LAP LOAD T 1153.12 -8.37 820.00 519.00 19
AT LAP LOAD Z 2920.61 -19.63 321.00 663.00 20
AT LAP RESULTANT 1398.47 2.811 321.00 571.00
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HBUX LAP BELT STUDY TEST W NO I SUDJ 1XD SS

10.0 -SLED X )TSLED Z (a)

* -30.0

IS

-S-5.0

, -40.0

10.0 -SLED Y (Q) 1000.0 N-0 STRAP (LI)

800.0.
S.0.

600.0 .
=0.0- AA 400.0-

'. -10..-0,0 *~~

170 320 470 680 770 170 320 470 620 770

TINE IN MILLISECONDS

H3UX LAP BELT STUDY TEST NOS 2089 SUNJ IDS 95*

20.0- SLED It4T VEL (F/S)

20.0-

-40.0-

-60.0

20.0 -SLED VELOCITv (F'S)

-20.0-
-40.0-
-60.0

10 320 470 60 70
TIME IN MILLISECONDS
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HOUX LAP BELT STUDY TEST NOS MW SUiJ IDS 9S5

50.0 -LF LAP X (LB) SOOO.0 LF LAP Z (LB)
4 4000.0- 4000.o

30".0 3000.0

200000 20.

1000.0 1000.* 0

0.0 0.0-

5sO.0 | LT LAP V LR) S00. 0 -LF LAP RES (LB)

4000.0- 4000.6 •

3000.0 - 3000 0

R000, 0 2000.0

0.0 -.' ,..
170 3P.0 470 6a; 770 170 380 470 620 770

TIME IN NILLISECONDS

H3UX LAP BELT STUDY TEST NO: 2029 SUIJ IDS 95US

SO".0 RT LAP X (LB) S00.0 RT LAP Z (L)

4000.1 4000.0

3000.0 30-0.0

2000.*0 20".000

1000.0f 1000.6

0.0-1* *--. 0.0*

5000.0 RT LAP V (LI) 5000.0 - T LAP RES (LI)

4000. - 40"00

30090 30000 

80000 2000 ,0

100.*0 100 *

0.0 0.0
0170 320 470 620 770 170 320 470 620 770

TIME IN MILLISECONDS
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HIUX LAP BELT STUDY TEST Hot a03 SU ID lot 9S

5000.0 SHOULDER X (LIB) 61000. SNOULDER Z (LD)

4000.0 4000.0

31000.0 80000

100,0 Be".* e

0.0 0.0

000S 1 SHOULDER V (LB) 5000.0 SHOULDER RES (L)

4000.01 4000.0

3000.0 3000.0

1100.0 2000.0

0.0 1000.0

t 70? 3a; 4"7; 6a; 770 170 320 470 61 732 40 TIME IN RILLISECONDS

59
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HBUX LAP BELT STUDY TESTa 2030 SUBJsi 95Z Tj 2014.0 NOM Gs 40.0 CELL: X

DATA 10 MAX MIN TI T2 CH

71HE OF EVENT 204.00 37

2.5V EXT PWfI 2.50 2.119 1.00 202.00 147
OV EXT P , 10.03 9.90 73.00 86.00 48

SilO PLO PRIOR EVENT 25.21 100.00 200.00
.F LAP PLO PRIOR EVENT 36.59 100.00 200.00
AT LAP FLO PRIOR EVENT 3U1.49 100.00 200.00

SLED X ACCEL 1.7% -39.62 5o.00 351.00 1
SLED X ACCEL (S.) 1.35 -39.40 445.00 355.00
SLED Y ACCEL 2.17 -1.06 388.00 695.00 2
SLED Z ACCEL ,.72 -2.18 504.00 499.00 3

SLED VEL (INT ACCEL) 0.01 -105.66 208.00 424.00
SLED VELOCITY 0.20 -105.55 221.00 465.00 29
VEL AT EVENT -105.55 465.00
SHOULDER LORD X 4176-.7 -26.54 357.00 402.00 23

SHOULDER LORD Y 154.27 -27.89 334.00 419.00 22

SHOULDER LOAD Z 1079.75 -11.39 346.00 498.00 21
SHOULDER RESULTANT 4313.48 1.60 358.00 516.00

LF LAP LOAD X 2651.52 -25.98 347.00 668.00 15
LF LAP LOAD Y 1305.64 -12.71 3148.00 624.00 16
LF LAP LORD E 2532.16 -18.90 347.00 659.00 17
LF LAP RESULTANT 3091.14 1.91 347.00 565.00
AT LAP LORD X 2161.86 -19.08 337.00 720.00 i8

AT LAP LOAD T 1180.36 -14.41 337.00 616.00 19
MT LAP LOAD Z 2475.07 -14.68 337.00 836.00 20
AT LAP RESULTANT 3485.83 2.28 337.00 571.00

-16
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HDUX LAP DELT STUDY TEST 10 2030 SUNJ lD 96%

10.0O SLED X (0)

-0.0-

-40.0

10.0 -SLED Y (0) 10.0 SLED Z (0)

5.0.

-10.0

300 350 see 650 300 200 350 SOO 650 900
TIME IM 1KILLISECONDS

-. HDUX LAP BELT STUDY TEST PlOt 2630 SU3J Iot 35U

20.0 SLED IN UEL (F/S)

20.0-

-40.0

! -SGO.9 . . .

30.0 - SLED ULOCITV (S(S)

'0.0.- ------------------------------------

'I...0

-400.0

-100.0200 O50 560ee60 s 00

TINE I" MILLISECONDS

.61
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HIUX LAP BELT STUDY TEST "02 2030 SUBJ IDS 9S

5000.0 LF LAP X (LB) 9000.0 LF LAP Z (LI)

4000.0 4000.0

3000.0 300.0

2000.0 2000.0

0.0 0.0

5000.0 LF LAP Y (LB) 5000.0 LF LAP RES (LB)

4000.0 4000.0

3000.0 -3000 

3000.0 8000.0

10000* _0.

" 0.0 1 0.0,

a0 350 so0 ss 800 200 3S S0 s0 800

TINE tN MILLISECONDS

HOUX LAP BELT STUDY TEST t4O 8030 SUBJ IDS 9S%

9000.0 - RT LAP X (LB) 9000.0 4 RT LAP Z (LI)

4000.0- 4090.0

3000.0 -3000.0 5

2000 2000.0-

1000.0 le0.0

0.0 . . . . 0.0

S00.0 RT LAP Y (LB) SO0.0 RT LAP RES (LB)

4000.0 4000.0

3000.0 0 3000.0 -

2000.0 20. 0

000 350 900 690 30 00 390 500 650 300

TIME IN "ILLIOECONDS
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HlSUX LAP BELT STUDY TEST NOt 8030 SUliJ IDS 95

5000.0 SHOULDER (L ) 600. SNLI Z (LR)

4000.0 4000.0

go"4.o - Re".O ,

1000.900.

0SOOO.0 SNOULDER 0 0.) SOO. SHOULDER RES (LI)

4000.0 4000.0

3000.0 2 000.0

8000.0 000.0

1000.0 1000.0

0.0 0.0 1 A OO
800 260 500 G0 3a" 200 n50 500 650 800

TIME IN RILLISECONDS

563,"
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NIUX LAP BELT STUDY TEST, 2031 SUBJ1 952 WTs 2041.0 NOM Gi '10.0 CELL. X

DATA ID MAX MIN TI T2 CH

- ~ TIME OF EVENT 170.00 37

2.5V EXT PNR 2.51 2.149 '103.00 53.00 V17
IOV EXT PNR 10.01 9.98 '13.00 U12.00 '16

SHO PLO PRIOR EVENT 22.U19 70.00 170.00
LF LAP PLO PRIOR EVENT 32.22 70.00 170.00
MT LAP PLO PRIOR EVENT 32.141 70.00 170.00

SLED X ACCEL 1.59 -39.68 611800 331.00 1
SLED X ACCEL (SN) 1.37 -39.22 11611.00 331.00
SLED Y ACCEL 1.99 -1.08 301.00 6011.00 2
SLED Z ACCEL 3.141 -2.57 1172.00 328.00 3

SLED VEL (INT ACCEL) 0.00 -105.411 170.00 399.00
SLED VELOCITY 0.20 -105.19 261.00 4410.00 29
VEL AT EVENT -105.19 '1110.00'
SHOULDER LOAD X 11059.38 -30.59 335.00 1150.00 23

SHOULDER LOAD Y 177.98 -26.96 333.00 36S.00 22
SHOULDER LORD Z 1006.89 -10.12 319.00 '164.00 21
SHOULDER RESULTANT 11206-89 1.31 318.00 517.00

4LF LAP LORD X 25741.56 -23.60 316.00 7117.00 i5
LF LAP LOAD Y 1270.511 -7.93 315.00 1911.00 16
LF LAP LOAD Z 21172.411 -111.58 315.00 577.00 17
LF LAP RESULTANT 3772.06 2.07 315.00 529.00
NT LAP LOAD X 28911.20 -29.88 326.00 889.00 is

AT LAP LORD Y 11160.73 -10.91 326.00 559.00 19
NT LAP LOAD Z 2930.57 -17.81 326.00 855.00 20
AT LAP RESULTANT U1370.241 2.63 328.00 6112.00
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OU .W lip Vw- RN

IUX LAP BELT STUDY TEST NO$ a031 5U3J IDt 5s

10.0 SLMD X (a)

-0.0- ... so

-30.0

-40.0

10.0 SLED V (a) 10.01 iIn Z (a)

5.0- 5.0-

00.0

-6.0 -5.0

170 320 470 6G0 770 170 30 470 630 770
TIME IN MILLISECONDS

*lUX LAP DELT STUDY TEST NOS 3031 SUSJ IDS 595

4 10.0 -SLED ItIT VEL (Fn)

4-40.0

-60.0

-30.0

30.0 SLED VELOCITY (F'S)

-no * S
-40.0

-60.0

S-10°0 ____.__ . ____ '___,

170 3 470 770
NTIM IN MILLISECOND
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NUX LAP BELT STUDY TEST NO$ 2031 SUsi IDS 95%

5000.0 -LF LAP X (Lb) 50o".0 LF LAP Z (LO)

4000.0 40041.0

3000.0 3000.0

12999.6-1000.0

0.0 0.0*

SO"0.0 LF LAP V (Li) 5000.0- LF LAP RES (Li)

4000.0 4000 

304410 30009.0 0

2000.0 2000.0

lee0.0 1000.0

170 320 470 620 770 170 320 470 620 770

TIME I" MILLISECONDS

HIUX LAP *ELY STUDY TEST NO$ 2031 SUai 19t us%

S000.0- RT LAP X (Li) S000.* . T LAP Z (LB)

4000.0- 4000.*0-

3000. - 3000. *

2000.0- 2000.0

1000.* 0s. Jk10.
-0.0 t .0~

5000.0 - T LAP V (LB) 5000.0 RT LAP RES (LB)

4000. 0 -4000 * 0

3000.0- 30.

.50.01 -- " 0.01
170 3a0 470 620 770 170 3N0 470 680 770

TINE IN MILLISECONDS

66



NOWLA DELT STUY TEST NO$ 2031 SUDS 198 96%

5000.0 SHOULDER X (L3) 5000. SHOULDER Z (LB)

4009.0- 4000.40

3000.0 -4000.0

0.0 0.

S650000 SHOULDER V (Li) 6009.0 SHOULDER RES (LB)

4000.*0 4000.0

3000.0 -3000.0

3000.0 2000.0

100009 1***.*

0.0 7' 0.0
1"0 30 470 630 770 170 330 470; 60 770

TIME IN MILLISECONDS

I
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A MBUX LAP BELT STUDY TESTs 2080 SUBJa 95z WTs 204.C NON Gs 40.0 CELLt X

DATA ID MAX MIN TI T2 CH

TINE OF EVENT 182.00 37

2.5V EXT PUN 2.50 2.49 227.00 15.00 47
IOV EXT PNR 10.01 9.98 548.00 65.00 48

SHO PLD PRIOR EVENT 10.89 80.00 1,0.00
LF LAP PLO PRIOR EVENT 24.8? 80.00 180.00
AT LAP PLO PRIOR EVENT 17.74 80.00 100.00

SLED X ACCEL 3.51 -40.2U 415.00 337.00 1
SLED X ACCEL (SN) 3.08 -39.85 413.00 337.00
SLED Y ACCEL 2.38 -1.88 307.00 424.00 2
SLED Z ACCEL 2.63 -1.52 334.00 530.00 3

SLED VEL lINT ACCEL) 0.12 -106.57 278.00 402.00
SLED VELOCITY 0.15 -105.24 214.00 438.00 29
VEL AT EVENT -106.2M 438.00
SMOULDER LOAD X 4450.44 -355.85 322.00 329.00 23

SHOULDER LOAD Y 118. us -21.61 322.00 328.00 22

SHOULDER LOAD Z 978.64 -75.57 323.00 329.00 21
SHOULDER RESULTANT 454 .97 1.33 322.00 775.00

LF LAP LOAD X 5515.35 -652.81 415.00 421.00 15
LF LAP LOAD Y 1449.51 -865.18 342.00 443.00 16
LF LAP LOAD Z 3061.75 -282.28 343.00 421.00 17
LF LAP RESULTANT 0094.75 7.70 415.00 619.00
AT LAP LOAD X 4252.84 -295.81 3142.00 SS9.00 18

AT LAP LOAD Y 1554.97 -106.97 341.00 389.00 19
AT LAP LOAD Z 3407.14 -267.14 342.00 359.00 20
AT LAP RESULTANT 5665.-46 5.17 342.00 636.00
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Ni~i 1N1IUX LAP BELT STUDY TEST NoR03 lJ3J Is m3S

-10.0 SLED X (a)

-0.0

-30.0

-40.0
+e' i ~-So*$ , , "

10.0- SLED V (G)100 SEZ()

0.0 -I.-

130 330 430 630 780 130 330 430 630 780

TINE IN MILLISECONDS

UDUX LAP DELT STUDY TEST Not a03 SU3J M5 353

0a0 -. SLED IN? VEL (F;S)

0.0.

* -0.S0

-30.0

-10.0 -- O O

a*3.0 SLED VELOCITY (F'S)

0.0

-30.0O

-40.0
-641.0

-30.0

-100.0 _ _.
130 330 430 630 780

TINE IN MILLISECONDS
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H1UX LAP DELT STUDY TEST Ifts OM SUDJ IIo 95

SO0.00 - U LAP X (Lb) 6000.0 -LV LAP Z (1.3)

4000.0 4000.0-

3000.0 3000.0

8000.0 200 .0

1000 .0-100.0

300. - 0. 0

10000 3 000.*09.0 A M'° 1 0.0°

i* 330 0 S 630 730 180 330 480 630 750

*TIME IM NILLISECOIDS

HlUX LAP 8ELT STUDY TST "I0 n030 USJ IID' egg

5000.0 RT LAP X (LI) 5O00.08 AT LAP Z (LI)

40*.0 - 400.0-

3000.0 3000.0

200.0 26e..1

100.0 1-,0.0

SO*.0 RT LAP V (LD) 5000.0 RT L RES (LID)

4000 - 4000.0

3000.0 300.0
2000.0 2000.0

10000 00.
SO0O 0O~,O

130 330 480 630 780 180 330 48 630 780

TIE IN NILLISECONDS
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* HIUX LAP BELT STUDY TEST NO: n0n Ulot I oD f

s500.0 SHOULDER X (LI) so"0. SHOULDER Z (3.3)

4000.0 -4000.0

3000.0 -300.0

8000.0 - a@".* 0

1000. 11000.0

0.0- I ' I0.0

6000.0 SHOULDER V (LI) SO0. 0 SHOULDER RES (LB)

4000.0 4000.0

300.00 3000.0

a*000* 8000.0

1000.0 1000.0

0.0 -1 0.01 1-1
180 330 480 630 780 180 330 480 630 780

* TIME IN MILLISECONDS
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KBUX LAP BEL' STUOY TEST, 2Jdz BJeJt 95. WT: 20'.O NON Gg 40.0 CELLs X

DATA D MAX "IN TI T2 Ch

TIME OF EVENT 234.00 37

2.SV EXT PWR 2.50 2.49 3.00 50.00 47
IOr EXT PWA 10.01 9.98 400.00 217.00 48

SHO PLO PRIOR EVENT 14.92 130.00 230.00
LF LAP PLD PRIOR EVENT 20.66 130.00 230.00
AT LAP PLO PRIOR EVENT 22.66 130.00 230.00

SLED X ACCEL 2.71 -uO.Sg 489.00 399.00 1
SLED X ACCEL (SM) 2.57 -40.10 '85.00 398.00

B SLED T RCCEL 2.41 -1.38 369.00 4S.DO 2
SLED Z ACCEL 2.6a -2.59 361.00 401.00 3

SLED VEL (INT ACCEL) 0.00 -106.27 232.00 '483.D
SLED VELOCITY 0.24 -105.86 279.00 493.00 29
VEL AT EVENT -105.86 493.00
SHOULDER LORD X 4253.94 -370.60 383.00 390.00 23

SHOULDER LOAD Y 254.51 -26.71 382.00 391.00 22

SHOULDER LOAD Z 1099.15 -85.74 384.00 391.00 21
SHOULDER RESULTANT 1395.00 1.36 563.00 '181.00

LF LAP LOAD X 0582.39 -13.98 457.00 820.00 15
LF LAP LORD T 1156.61 -309.79 406.00 439.00 16
LF LAP LOAD Z 2979.56 -76.09 407.00 610.00 17
LF LAP RESULTANT 5325.54 12.39 457.00 284.O
AT LAP LOAD X 3317.86 -165.59 396.00 'I1.0O 18

AT LAP LOAD Y 1491.48 -66.43 396.00 '114.O 19
AT LAP LOAD Z 2781.61 -172.13 395.00 414.00 20
AT LAP RESULTANT 4581.14 1.54 396.00 512.00
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)-as.*-

-40.,0

1 .0S SLED Z (G)

S.0- 5.0-
.-..

. -., ,-Is.:

330 380 S30 680 830 230 380 530 S3o 830

TIME IN MILLISECONDS

H•UX LAP BELT STUDY TEST not 8081 SU•J ID aS%

20.0 - SLED INT UEL (F/S)

_ 0.0

-a@.*-
-4.0

'S .- 60.0

-80.0

80.0 SLED VELOCITY (FS)

€.-40t0,-

-80.0

-100.0 --. ,

30 336 530 630 830

TINE IN NILLISECOND$
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HDUX LAP BELT STUDY TEST NO$ 2081 SUDJ ID 95%

5000.0 LF LAP X (LB) 5000.0 LF LAP Z (LB)

4000.0 40000.

3000.0 3000.9-

2000.0 288.0

1000.0 190.0

.. 10.0 n 0.0*

230 380 S30 SS; 830 230 380 530 68D 830

TIME I" MILLISECONDS

BUX LP PELT STUDY TEST NO$ 281 SUDJ IDI 95%

5000.0 RT LAP X (LB) S900.0 RT LAP Z (LB)

4000.0- 4000.0

3000 - 3000.00

20,.0. 2000.*0

41000.0 10

4000.0 4000.

* 0.0 *~:.0.0L

230 380 530 680 330 830 380 530 630 830

TIMlE IN MILLISECONDS
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HM LAP BELT STUDY TEST NO$ I021 SJJ iDe gia

5004.0 - SHOULDER X (LD) SOOe. '- SHOULDER Z (LD)

* 4000.0 4000.0

3000.0 3000.*0

8000.0 a,00.

1000.9 1000.0

6000.0 SHOULDER V (0.) s 0ooe - SHOULDER RES (LB)

4000.O 4000.0

3000.0 3000.0

O0e. . 2000.0

, IOO0.O I*"0.*

1 300 380 530 6 0 330 :830 38 S30 Gs 830

TIME IN MILLISECONDS

75



HOUX LAP 8!LT STUDY TESTs 2082 SUBJs 95Z NTs 201.0 NOR Gs O.O CELLz X

DATA ID MAX HIN TI T2 CH

TIME OF EVENT 172.00 37

2.SV EXT PUR 2.50 2.419 8.00 79.00 17
IOV EXT PHWl 10.01 9.98 263.00 13.00 118

SHO PLO PRIOR EVENT 14.72 70.00 170.00
LF LAP PLO PRIOR EVENT 22.49 70.00 170.00
AT LAP PLO PRIOR EVENT 22.95 70.00 170.00

SLED X ACCEL 1.91 -38.66 180.00 335.00 1
SLED X ACCEL (SRN 1.111 -38.50 11O.00 310.00
SLED T ACCEL 2.40 -0.99 308.00 679.00 2
SLED Z ACCEL 4.77 -3.73 M85.00 160.00 3

SLED VEL (TNT ACCEL) 0.03 -101.83 266.00 403.00
SLED VELOCITY 0.23 -101.99 180.00 139.00 29
VEL AT EVENT -101.99 139.00
SHOULDER LORD X 1392.92 -29.00 321.00 480.00 23

SHOULDER LOAD Y 198.83 -9.52 318.00 S1.00 22

SHOULDER LORD Z 1134.09 -11.87 328.00 179.00 21
SHOULDER RESULTANT U529.90 1.29 325.00 591.00

L LF LAP LOAD X 3511.79 -13.59 331.00 631.00 15
LF LAP LORD T 1526.56 -7.60 334.00 60.00 16
LF LAP LORD Z 2947.54 -120.141 333.00 189.00 17
LF LAP RESULTANT 4832.29 2.20 331.00 630.00
RT LAP LORD X 3318.56 -23.83 335.00 583.00 18

AT LAP LOAD Y 1SO.51 -6.80 335.00 598.00 19
RT LAP LORD Z 3167.71 1.78 3311.00 627.00 20
AT LAP RESULTANT 1045.60 7.72 331.00 627.00
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HoUX LAP BELT STUDY TEST NoS 8l63 uSJ IDa 953

1o.o SLED x (G)

0.0- ----

-10.0

-30.0

-40.0

10.0 SLED V (Q) t@.e- SLED Z (G)

5.0 S.0

0.0 '-- -. ,-0-,

-5. -5.0 .

-10.0 v. . .
170 320 470 680 770 170 30 470 680 7"

TIME IN RILLISECONDS

N3UX LAP BELT STUDY TEST HOo 2039 SUiJ IDS 951

80.0 -. SLED IN. .EL (F.S)

-1a0. 0
-40.0-

-60.0

-80.0
-100.0

80.0 SLED VELOCITY (F/S)0.0*

-20.0
-40.0

-40.0

-0.0
-1oe00 _____._____ .__

170 380 470 680 ?o
TIME IN MILLIIECONDS
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NNU LA BEL STUDY 79SI NO* B0OW sJaj 13: 95%

500.0 LF LAP X (LI) 5000. LF LAP Z (LI)

4000.0- 4000.0

300* - 30.0

9 2000.0 2000.0-

1000 .0 l000.*-

4••0.0 4•0.

SOO. LF LAP Y (LI) s0000. LF LA RES (LI)

400O.- 4000.0

3000. 0 3000.0-

2000.0-2000.0@

100:. -f-o10.0-

01 • 1 D0.0
170 320 470 gs ?70 170 320 470 770

TIME IM MILLISECONDS

NBUX LAP BELT STUDY TEST NOt 2.02 SUIJ Ilo 95

S90.0- RT LAP X (LI) 5SO00.0 RT LAP Z (LI)

4000.0- 4000.0-

3000.0- 3000.*0-

200.8 200009

1900 t 108800 0

Ole 0.0

1700- 32 400007 0 . 10 32 7 3 7

--0 , . 4-

TIME IN MILLISECODS
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NOux LAP DEL? STUDY TEST nosO R 8082 leD t 95%3

Sm".*. SHOULDER X LB) 3000.0 SHOULDER Z CLD)

4000.0 -4000.0

3000.0 -3000.6

2000. 8000.0

100~~~~0.010 0*0[ N0.0-00

5000.0 SHOULDER Y (LB) 5000. SHOULDER RES (LB)

4000.0 -4000.0

3009.0 -300006

100.0 100 1 1

170 380 470 680 770 170 380 470 680 770
TIMlE IN MILLISECONDS

79-
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KHUX LAP BELT STUDY TESTt 2083 SUBJs 95X NT& 204.0 NON G: 10.0 CELL: X

DATA TO MAX "IN TI T2 CI

TIME OF EVENT 207.00 37

2.5V EXT PNR 2.50 2.99 1.00 116.00 17
r.V EXT PR 10.01 9.98 238.00 36.00 17

$NO PLO PRIOR EVENT 17.91 100.00 200.00
LF LAP PLO PRIOR EVENT 22.00 100.00 200.00
AT LAP PLO PRIOR EVENT 20.40 100.00 200.00

SLED X ACCEL 1.59 -U2.86 700.00 367.00 1
SLED X ACCEL (SM) 1.11 -2.110 723.00 367.00
SLED Y ACCEL 2.67 -1.18 375.00 601.00 2
SLED I ACCEL 2.38 -1.95 359.00 150.00 3

SLED VEL tINT ACCEL) 0.00 -107.5g 200.00 1131.00
SLED VELOCITY 0.21 -107.70 242.00 169.00 29
VEL AT EVENT -107.70 169.00
SHOULDER LOAD X 1293.35 -339.13 353.00 360.00 23

SHOULDER LOAD Y 168.02 -26.03 351.00 381.00 22

J.SHOULDER LOAD Z 1115.16 -77.03 3511.00 350.00 21
SHOULDER RESULTANT 44132.111 1.8 353.00 1181.00

LF LAP LOAD X 2610.61 -31.93 351.00 360.00 15
LF LAP LORD T 1190.31 -357.92 351.00 385.00 16
L7 LAP LOAD Z 2377.73 -153.67 353.00 356.00 17
LF LAP RESULTANT 3739.83 2.6 351.00 18.00
AT LAP LOAD X 2190.8U -131.6 3511.00 360.00 19

A NT LAP LOAD T 1065.27 -114.59 351.00 385.00 19
NT LAP LOAD Z 2277.80 -212.95 353.00 360.00 20
AT LAP RESULTANT 3321.06 1.55 351.00 519.00
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NOWK LAP BELT STUDY TEST NOt M63 subSI 066

-10.0 -SE a

-40.0

10. SLD V(Q)10.0 SLED Z (0)

S.0. S.0

.0--- .. .m0.0--------------

-5.0 -5.0

-10.04 -10.0
200 310 166 610 306 166 356 1OO 610 3o0

TIME IN "ILLISECONDS

NBUX LAP BELT STUDY TEST Nos M03 OWUSDI3 912

20.0 -SLED INT OJEL (F/S)

20.0-

-40.0-
-60.*0

-30.0

-100.0

10.0 -SLED VELOCITY (F/S)

80.0-

-40.0-
-60.*0

-160
366 356 1ee 550 3o;

TIME I" RILLISECOND$
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HIUX LAP BELT STUDY TEST NO$ a083 SUDJ IDS 905

SO**.0 LF LAP X (LB) so.-. LF LAP 2 (L,)

4000.0 - 4000.0

3000.*0- 3000.0-

2000.0 0eee.e-J.L i":. 1k
soe.0 LF LAP Y (LI) s0e.0 LF LAP RES (LB)

4000.0- 4000.0

3000.*0- 3000.0

2000.*0 8000.0

1e0.0 1000.0

0 0 3 6 03 1see 3se See 66e ae POO 3so so; SG see

TIME IN MILLISECONDS

HOUX LAP DELT STUDY TEST NOl M003 SUDJ IDS 053

5000.0 RT LAP X (LI) SO00.0 RT LAP Z (Lb)

4000.0 4000.0

e3000.0 3000.0

89000 2000.0

1000.0 ilL.*

0.0 0 e. 0

5000.0 RT LAP V (LI) so0. RT LAP RES (LB)

4000.0 4000 .0

3000.*0 -3000.0

8000.0 2 000.0

1000.00 1900.0

0.0 0.0'
300 360 SO 650 ee ee 3S; s0 S0 300

TIME IN ILLISECONDS
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HIUX LAP BELT STUDY TEST O 08M3 SiJ IS 15

SO"6.* SHOULDER X (L) Si0".0 SHOULDER Z (LI)

4009.0 400.0

3000.0 3000.0

a*".* 0 8e000

101:60. 160

6000.0 SHOULDER Y (LB) 500 SHOULDER RES (LB)

40000. 4000.0

3000.0 3000. o

8600.0 2o00.e

1000.0 1000.0

800 360 600 650 80 200 30 500 6so 800
TIME IN NILLISECONDS

,I
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NHUX LAP BELT STUDY TESTs 2084 SUBJ8 95Z WTs 204.0 NON Gs %0.0 CELLs X

DATA to RX MIN TI Ta C"

TINE OF EVENT 197.00 37

2.5V EXT PR 2.50 2.19 115.00 17.00 47
.IOV EXT PUN 10.02 9.98 461.00 60.00 46

SHO PLD PRIOR EVENT 12.30 90.00 190.00
LF LAP PLO PRIOR EVENT 16.07 90.00 190.00
AT LAP PLO PRIOR EVENT 21.98 90.00 190.00

-. SLED X ACCEL 1.79 -19.52 491.00 356.00 1
SLED X ACCEL (SN) 1.45 -39.10 198.00 357.00
SLED Y ACCEL 2.142 -0.97 327.00 619.00 2
SLED Z ACCEL 3.22 -2.76 503.00 V98.00 3

SLED VEL LINT ACCEL) 0.01 -105.22 216.00 422.00
SLED VELOCITY 0.20 -105.19 291.00 454.00 29
VEL AT EVENT -105.19 454.00
SHOULDER LOAD X 4340.39 -21.93 345.00 0.00 23

SHOULDER LOAD Y 131.82 -16.76 365.00 326.00 22

SHOULDER LORD Z 1123.19 -10.61 347.00 456.00 21
SHOULDER RESULTANT 4401.09 2.12 31S.00 769.00

LF LAP LOAD X 2844.00 -21.92 307.00 712.00 15
LF LAP LOAD Y IS47.61 -5.72 347.00 582.00 16
LF LAP LOAD 2 2563.46 -11.62 S17.00 710.00 17
LF LAP RESULTANT 4059.11 2.50 347.00 595.00
AT LAP LOAD X 2624.61 -20.60 352.00 665.00 16

As NT LAP LOAD Y 1165.56 -9.49 351.00 215.00 19
NT LAP LOAD Z 2631.5 -11.79 352.00 775.00 20
NT LAP RESULTANT 3900.54 4.76 352.00 733.00

.
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NDIUX LAP BELT STUDY TEST NO$ 1084 SU8J ID 95-

-10.0 S

-30.0
~-4o.,

' ~-So.O ,. .

10.0 SLED V (0) 10.0 SLED Z (0)

S.e 5.e

-S.0 -S.0

-10.0 -10.0

190 340 490 640 ?90 190 340 490 640 790

TIME IN MILLISECONDS

NIUX LAP BELT STUDY TEST NOS 9084 sSJDJ IDt 95%

20.0 SLED INT VEL (F/S)0. -........................................ ................ ....
20.0-

-40.0-

-60.0

-80.0

aAO ........ .................................................

-80.0 -

-40.0

190 340 490 640 790
TIME IN MILLISECONDS
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HSUX LAP BELT STUDY TEST NO$ 3064 SUpJ IDi t *

500.0 LF LAP X (LB) 50O60.0 LF LAP Z (LD)

4000.0 4000.O

3000.0 3000.0

2000.0 2000.0-

1000 .0 1000 .0

.0.0,

500S.0 LF LAP Y (LB) 5660.0 LF LAP RES (LB)

4000- 4000.0

300.0 - 300.0 •

2000.0- 2060.0-

1800.9 1000 .

OO.0 t 1 0.0 1 "41

190 340 490 640 70 190 340 490 640 790

TIMlE I" MILLISECONDS

NIUX LAP DELT STUDY TEST Not 3034 SUbJ ID' on*

00. -660 RT L0P X (LB) soR4.o -T LAP Z (LB)

4000.6 400.0

,.30.6 300 *

30 00.0 - 000.0-

1099.*0 1896:9

0.O , RT.0 1

5OSO.*6 R LAP Y (LB) S000.0 - T LAP RES (LB)

4000.0- 4000. -

3000.0- 3000.6-0

2000 0 2000.0

190 340 490 640 790 190 34 490 640 7
TIME I" MILLISECONDS
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H•UX LAP BELT STUDY TEST NOt 8084 SUnJ IDS 951

9000.0 - SHOULDER X (LI) 5000.0 - SHOULDER Z (L3)

4000.0- 4000.0

3000.0 3000.0

',11o .,, .1000.01000.*0

0.0* 0.S9

5000.0 SHOULDER V (LI) S90.0- SHOULDER RES (LB)

4000.0 4000.0

3000.*0- 3000.*0-3seO.O seese*o

10000* 1000.0-lees.* 18eo.0

0.0 1 I I 0.0

190 340 490 640 790 190 340 490 640 790

* TIME I" MILLISECONDS

a87
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HSUX LAP BELT STUDY TESTa 2087 SUBJ1 95K NT. 204.0 NON Gs '0.0 CELLs X

DATA 10 MAX NIN TI T2 CH

TINE OF EVENT 160.00 37
2.5V EXT PH 2.51 2.19 237.00 5.00 '0

IOV EXT PWR 10.01 9.98 333.00 1q.00 48

SHO PLO PRIOR EVENT 13.29 60.00 160.00
LF LAP PLO PRIOR EVENT IB.S 60.00 160.00
BT LAP PLO PRIOR EVENT 22.66 60.00 160.00

SLED X ACCEL 1.65 -40.96 0460.00 314.00 1
SLED X ACCEL (S) 1.43 -39.90 460.00 315.00
SLED T ACCEL 2.37 -1.39 341.00 582.00
SLED 3 ACCEL 2.66 -2.56 297.00 401.00 3

SLED VEL (TNT ACCELI 0.02 -IOS.23 2014.00 90.00
SLED VELOCITY 0.14 -105.37 211.00 419.00 29
VEL AT EVENT -105.37 q19.00
SHOULDER LORD X 43?3.13 -36.87 301.00 442.00 23

SHOULDER LOAD T 420.21 -7.9 324.00 399.00 22

SHOULDER LOAD Z 1104.28 -7.64 302.00 459.00 21
SHOULDER RESULTANT 4512.09 1.57 301.00 401.00

LF LAP LOAD X 3158.36 -19.93 304.00 595.00 15
LF LAP LORD T 1372.12 -4.68 3014.00 196.00 16
LF LAP LORD 2 2892.67 -1008.01 303.00 282.00 17
LF LAP RESULTANT 4497.20 5.21 304.00 600.00
AT LAP LOAD X 2557.46 -12.22 304.00 230.00 18
AT LAP LORD T 150.S26 -4.67 3014.00 160.00 19

AT LAP LORD Z 2564.26 -1.32 305.00 189.00 20
RT LAP RESULTANT 3878.44 11.65 305.00 173.00

V.8
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M LAP BELT STIJOY TEST NO$ N67 SUBJ M56 am

-0.0

-80.0-

-40.0

-$ .0 " .• "

-50-*

10.0 SLMD V (G) 10.0 SLED Z (G)

goo- So*-

-go -S.o

-10.4)6., . -to.: . . .

160 310 460 610 760 160 310 460 610 760
TINE IN NILLISECONDS

HOUX LAP BELT STUDY TET NO 1 808? S 1$ 96%

20.0 SLED INT VEL (F/S).0 .. ........ .....i i............................................
-aO .

-40.0

-60.0

-80.0
-10.0 __ __

30.0 - SLED UELOCITV (F'S)
0.O

-* -".0

-60.0-300.0
I -80.0*

160 210 460 at0 V60

TIME IN NILLISKOOHM
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NOUX LOP IILT ST TEST NOS 306? USUJ llo 952

50000 U LAP X (L) o.000.0 L LP Z (LD)

4000.0 -40"A.0

3000.0 00

3000.0 3000.0

1*".* 1000.0

0.0 L0.0 - II

5000. - U LAP V (LB) OA LLPRE M)

4000.0 4000.0

3000.0 3000.0

3000 0 30200.0

10000 10.0

160; 310 460 610 760 16 310 460 610 6

MIE I" MILLISECONIDS

NOWX LOP PELT SIUDY TYES? Not 303 supJ lag 9"

S" 500. Ri LAP X (LB) 5000.0, Ri LOP Z (LD)

4000.0 400~.0

3000 - 3000.0

1000.0 - N1000.0-

• O.

5000.0 RI LAP V (LB) 6000.0 Ri LAP RES (LD)

4000.0 4000.0

30000 30.0 

000.0 a000.0

100.O Sm~..

0.0 1 0.0

160 310 460 610 0 10 310 4 60 S1; 70

TIME IN HILLI3EKON

90
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HOUK LOP SELl STUDY TEST NO# 8@07 VSJJ Is$ am6

5000.0 SHOULDER X (LB) 5000-. SHOULDER Z (LD

4000.0 -4000. 0

3000.0 3000.0

8000.0 8009.9

1000. 1000.01

0.0 0A0

1-'5006.0 SHOULDER V (LB) 6000. SOLE ~ (Le)~

4000. - 4000.0

3000.0 -3000.60

5000.0 1000.

1000 * 0 10*S

160 310 460 610 700 160 310 4"60 16 0
TIME IN MILLISECONDS

* 91
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HOUK LAP BELT STUDY TEST, 2066 506.9, 651 N~o 20%.0 NON Gs 10.0 CELLs X

DITA ID ARK Nim TI Ta CH

TINE OP EVENT 207.00 37

2.1W EXT run g51 2.19 177.00 37.00 47
IOV EXT P261 6l.O.0 510.00 63.00 to

SND PLO PRIOR EVENT 16.33 100.00 W00.0
LP LAP PLO PRIOR EVENT 13.20 100.00 00.00
AT LAP PLO PRIOR EVENT 1963 100.00 200.00

SLED X ICCEL 1.77 -40.62 954.00 366.00 1
SLED X ACCEL (523 .6 -4i0.10 471.00 867.00
SLEO I ACCEL km2 -1.16 366.00 0.00 2
SLED I ACCEL 4.03 -1:30 475.00 %54.00 3

SLED VEL (INT ACCEL) 0.00 -100.16 236.00 133.00
SLED VELOCITY 0.27 -106.16 173.00 MOOD0 20
VEL IT EVENT -106.16 MOOD0
SHOULDER LOR 80 X1116.30 -77.16 379.00 %06.00 23

SHOULDER LORD T 300.60 -77.10 305.0 191.0 22

SHOULDER LORD Z 1547.07 -12.51 101.00 N06.00 21
SHOULDER RESULTANT 4262.94 1.72 373.00 566.00

LP LAP LORD X 2361.96 -24.73 351.00 504.00 is
LF LIP LGOD Y 1I13.6 -23.60 352.00 6.00 1s
LP LAP LORD I 9.66 -37.16 351.00 115.00 17
LP LIP RESULTANT 3S35.06 1.25 351.00 116.00
IT LIP LOAD K 2.94 -23.93 352.00 535.00 to

AT LIP LOAD Y 1093.13 -129.00 952.00 %99.00 19
IT LIP LORD 1 2456.16 -77.66 351.-00 500.00 20
IT LIP RESULTANT 3461.33 1.06 351.00 M66.0
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HOW LAP BELT 91UPY TEST not 1hb00 VA * U

-40.0,

10.0- SLED V (a) 10.0. SLED Z (0)

5.0* 5.0

-0.0- AI 10.0- * NW

me 350 500 a"0 S M. 250 500 MS Of
TIME IN MILLISECONDS

NDUX LAP BLT. STUDV TEST Wea IV. se I s

IN.' SLED IN? VEL (Ps'S)

60.6

-90.0

-100.0~

.0- SLED UELOCITY CropS)

-40.0-

250 0f 5

TIME IN MILLIECNS

I9



NBUX LAP PELT STUDY TEST WsS 3003 loXJ t oift

5000.0- Lr LAP X (LB) so".*. LF LAP Z (Li)

4000.0 4000.0

3000.0 300.0

~.0 ~.0*

5000.0 LF LAP v (LB) 5000A LU LAP RES (LB)

4000.0 400.0

3000.0 3000.0

30.0 "000.0

atO 3S* SO;) SS; 8 0 iq 3Se m on see
TIME IN MILLISECO NDS

HOUX LAP ELT STUDY TEST NOt o@13 guSJ [it ax

500.0 RT LAP X (LB) 50000. T LAP Z (LD)

4000.0 4000.0

300.0 -3000.0

* 8~~aw000I000

4 .140.0

5000.0 -T LAP V (L") 5000.6 UT LA RES (L3

4000.0 4000.0

3000.0- 3000.0 -

1000.0 3000.0

OO~ 3 of -- "" , , ..

TIME IN MILLISEONI 94



NMW LAP BELT SIW TECST No$ 166 SUJ so$ a5m

5000.0 -SHOULDR X (LS) so00.0 SHOULDR Z ( Lo)

3000.0 3000.0

8000.0 84000

5000.6 1NUW S 000.60 NRM W e

1000.0 4000.0

3000.0 -300A.0

0000A 1000.0

100

1OW 350 500 GS0 no0 n00 0 500 a"0
TIME IN HILLISEOHNDS
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